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xviii and xkvi. The note + doea not apply to the plates of lliis edition, 
xxiv. If the brachy axis is placed in front, the formulae for the macro 
and brachy domes are right If the macro axis is placed in 
front, the foi-muliB should read m'P'co, m,P,ooand ni,f'co,m'P,co. 
11. 14fch line from bottom, Floi-entine should read Florentine (yellow.) 
21, 11th line from bottom, for Borax read SPh. 
37. 3d line from bottom, for Borax and SPh. read Fluor and fc S'. 
49. 15tt line from top, for Sa Ca read <5a Sa. 
54. 14th line from bottom, for Ryacolite read Hhyacolite. 
66. 14th line from bottom, for or read and. 
83. 8th line from top, for I'ed read reducing. 
87, Slst line fi-om bottom, for red read reducing. 
03. 18th line from top, for base read hemi-pyrainid. 
82. alst line from top, for P read -—P. 
03. 33d line from top, for — P read P. 
93. 33d line from top, for obtuse read acute. 
103. i6th line from bottom, for E read ^iR. 
108. Slst line fi^m bottom, for with nitrate of Cobalt I'ead by I'usion 

with Soda. 
131. 4th line from bottom, for fiame of a candle read R. F. on fiO!il. 
137. 20th line from top, for globule read powder. 
134. 0th line from bottom, for Chromium read Manganese. 
189. 18th line from top, for orange colored read white. 
139. 14th line trom top, for AsS read Ss. 
144. 35th line from top, omit borax. For 0. F. read R F. 
161. 3,')t!i line from top, for copper read baryta. 
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PREFACE. 



These lecLurea are what their title indicates, the lectures on Miner- 
alogy delivered at the School of Ifinea of Columbia College. They 
Iiave been printed for the stndents, in order thit more time might be 
given to the various methods of examining and determining minerals. 
The second part only has been printed. The flrst part, compriaing 
crystallography and physical mineralogy, will be printed at some future 
time. Only those species have been described with which it is neces- 
sary for an Engineer of Mines to be familiar, or which present some pe- 
culiarity of interest. The list of synonyms is not complete; only the 
most familiar names used ia Germany, France and the United States 
have been, given. The lecture notes were written out somewhat hastily, 
amid the press of otlier duties, but it ia hoped, that ns they occupy 
a ground not hitherto entirely covered by other elementary works, 
they may prove acceptable to students wishing to commence the study 
of Mineralogy. As it has already proved serviceable at the 8chool 
of Mines, it is hoped that it may be found useful elsewhere. 

As it is quite essentia! that the notation of both Naumann and Dana 
should be understood, the first has been adopted in the text and the 
second used on the faces of the crystals. A table giving the compari- 
son of the principal notations in nse, has been given in the introduction. 

In the preparation of the work I have been greatly indebted to my 
assistant, Mr. J. H. Caswell, who autographed the drawings and 
prepared the notations of the faces of the crystals. 

T. EGLESTON. 

School op Mikes, 
1871. 
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CLASSIFICATION OF THE SPECIES 



HARDKESS. 



H. <1 
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Bournonite, 
Chalcocite, 
Olaustlialite, 

Crocoite, 

Glauberite, 

Gold, 

Valentinite. 
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Barite, 
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HI.=3'y— 3-ff 
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H. =3-75^-3 
Stolzite. 
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Serpentine 



H.=a— S-5 
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Wavellite. 
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H.==3-5=4-3 



Azurite. 

H.-3'5— 4*5 

Magnesite, 
PviTtotite, 
Ehodochrosito, 
Siderite. 



Earytocalcite, 

Pluorite, 

LibetJienite, 

Manganite, 

Stonnite. 



H.=4— 5 
Peetolite. 

n.^4-5 

Hai'motome. 

II.=4-5— 5 

Apatite, 
Apophjllite, 
SohBelite, 
WoUastonite. 



Calamhle, 
Oliroraite, 
Dioptasej 
Franklinifce, 



H.=5— 5-5 

Goetliite, 

Hanstnantiite, 

Leucopyrite, 

Linionito, 

WatroHte, 

JTiccolife, 

Titanite, 

Triplite, 

iniinanQita, 

Wolframite. 

H.=5— 8 

Amphibole, 

Cyanite, 

Meaaceanite, 

Psilonielane, 

Pyroxene, 

\V"eni elite. 



Ileniiitite. 
H.=5-5 

Analeite, 

Ciiramito, 

Oobaltite, 

Datolite, 

Lapjg LttKuli, 

Linn^ite, 

Ilraninito, 

Willeinite. 

H.=5*5— 6 

Arsenopyrite, 

Brooliito, 

Chlorastcolite, 

naiiynite, 

Leuoite, 

Magnetite, 

ITephelitfl, 

Ootahedrite, 

Smaltite. 

H.=5-5— «■» 



II.=6 

Anorthitc, 

Columbite, 

Labradoi'ite, 

OHgoclase, 

Orthoclase, 

H.=6— 6*5 

Albite, 

Braunite, 

Ohondrodite, 

Marfiasite, 

Petalite, 

Pyrite, 



Cassiterite, 
Fibrolite, 



II. =6*5— y 

Chrysolite, 
Diaspore, 
Garnet, 
Spodumeiie. 



Quartz. 



Andaluaitjj, 

Euclase, 

Zircon. 

II.=7-5— 8 



Spinel, 



Ohrysobcry!. 
Corundum, 

Diamond. 
H, undeterminod. 
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CLASSIFICATION OP THE SPECIES 



IPEOIFIC GEAVITY. 



G.=0'9I8— 1 
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G.=3-35— 3-39 
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Pharmauolite, 
Wemerite. 
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G.=3-4 


G.=3'6— 3-8 


Sepiolite. 


Graphite. 
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G.=a— 3-1 


G.=3'4— 3-5 


Prochlorit«, 


Mirabillte, 


Chataaite. 


Leueite. 


Talc, 


Natron. 
G.=l-49 

Bassotite. 


G.=2— 2*2 

Clirysooolia, 
Soda-Nitre, 


G.=2-4— 3-§ 
Haiiynito. 
«,=2'43— 2-45 


Turquoia. 
G.=3-6-3 

Phenacite. 


G.=1'5 


Stilbite. 


Petalite. 


G.=3-r 


Carbonic Acid, 


G. =3-2-5 


G.=2.4r— 3-6 


Thenardii«. 


Sal-Ammoniac. 


Biotito. 


Serpentine. 


G.=3-7— 2-9 


G.=1'5— 1-8 


G. ^2-073 


G.^2-5— 38 


Pectolite. 


Ealinite. 


Sulphur. 


lolite, 


«.=3-7— 3-9 


Aluminite. 


G.=2*l— 2-a 

Heulandite, 
NatroEte. 


Nophelite, 
Zaratite. 
G.=3'3~9*7 


WoUastonite. 
G.=3-8-3-9 


G.=l*6- 1*8 


G.=3'l— 2-5 


Alunite, 


Anhydrite, 
Dolomite, 


Alunogen, 


Halite. 


Caloite, 


Lirooonite, 


«.=!"!' 


G.=2-a 


Quarts. 


Prehnito. 


Aphthitalite, 
Borai, 


Analcite, 


G.=3-5S— 3-59 

Orthoclase. 


G.=3-8— S 

Dalolite, 


Epaomite, 


G. =3-38— 3-41 


G. =3-54— 364 


Lepidolito, 


Laumootite. 


Albite. 


Magnesite. 


«i.=l-8 


G.=3-3 


G.=a-o 


G. =3-8— 3-1 


Melanterito. 


Bnicite, 


Tivianite. 


Muscovite. 


G.=l-9 


Gypsum, 


G.=3'a— 3*J' 


<?.=3-9 


Nitre. 


WavelUte. 






G.=I-9-2-l 


G.=3-3— 3-4 


Anorthite, 
Beryl, 


Aragotiite, 
Boracite, 


Gtoalarite. 


Lojiis Lazuli. 


Labradorite, 


Erjthrite. 
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Cryolite, 
Pharmacogidcrite. 

Ci,=3*9— a-4 

Amphibole, 
«.=3-3-l 

Annabergite, 

Autunite, 

Eaclaso. 

e.=3— 3-3 
Tourmaline. 
G.=3'I 
Chondrodito, 
Fluorite. 

G.=3-l— 3.3 
Andalusite, 
Spodumeno. 

«.=3'1— 3-3 
Scorodite. 



G.=3-a 

Pibrolite. 

«.=S-3— 3-3 
Dioptase. 

G.=^3-3-3'5 
Pyroxene. 

«.=S-95 
Apatite. 

G,=3*3— 3.4 



G.=S-3— 3- 

Diaspore. 
«.=3- 

Titanite. 

G.=s-a-^ 

Epidote, 



■3'7 



G.=3'35— 3*5 

Calamine. 

G.=3-4 
Orpicnent 
G.=3'4— 3-6 

Rhodonite, 
Rhodoclirosite. 



Staurolite, 
Triplite. 



Arseniosiderite, 
Topaz. 

G. =3*5— 3*8 
Cyanite, 
Hydro aincite, 
Torbernite. 

G.=3'5— 3*8 



OhryaoberyL 
G.=3*5--4'9 

Spinel 

G,=3'S5 

Diamond. 

G.=3-S 
Arsenolite. 
Barytocaloite, 

«.=3-6~3*T 
Strontianite. 

G. =3-0— 3-8 
LibethenJte. 

«.=3'a— 4 

Limonite. 
G.=:S-y— 3-9 

Siderite. 

«.=3'7— 4 
Malaciiite. 



Psiloraelane. 

G.=3-8— 3*9 
Brochantite, 
Octahedrite. 

«.=3'8— 4-1 
WiUamite. 



G.=3-9-^ 

Alabaridite, 
Oomndum, 
Sphalerite. 

G.=4— 4-S 
Atacamite. 

G.=4— 4-4 



«.=4— 4-3 

Bornite. 

G.=4— 4-7 
Zircon, 

G.=4— 4-8 
Barite. 

G.^4I 
Brookite. 

G.=4l— 4-3 
Entile. 

G.=4-l^'3 
Chaleopyrite. 

G.=4'l— 4*4 
Olivenite. 

G,=4'a— 4*3 
Witherite. 
G.=4*3— 4*4 
JIanganite. 

G.=4-3— 4*4 
Teunantite. 



G.=4-3— 4-5 



G.=4-4— 4-7 

Pyrihotjte. 



Bomite. 

=4'5— 4*6 

Kermesite, 
Stibnite. 

G.=4'5— 5 
Meuaccanite. 

=4-5— 5'1 
Tetrahedrite. 
G.=4-5— 5-3 
Hematite. 

G.=4'6 
Minium. 



«.= 



I -6— 4-9 



Marcasite. 
«.=4'7 

Hausmannite. 
«.=4-7— 4-9 

«. =4-8— 4-9 

Pyrolusite. 
J, =4-9— 5 

Pyrite. 
G.=4*9— 5*1 

Magnetite. 

:5-3— 5-3 
Sonaruiontite. 
G.=3-3— 5-0 

MillerLte. 
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«.=5-3— 5'§ 


G.=6 


G.=6-4-7 


G.=9-9 


Embolite. 


Scteelite, 


Smaltite. 


Cinnabar, 


G. =5*4— 5-5 


G.=6— G-3 


G,=6-5— y 


Copper. 


Proustite. 


Oobaltitc. ■ 


Pyromorphile. 


G.=9-7 


G. =5 -4— 5-9 


«.=6— 6-4 


G.=6-6— 6-7 


Bismutii. 


ZiQcite. 


Arsenopyrito. 


Antimony. 


G*=IO— 14 


G.=5-4--6'4 


G.=6-l— 6-3 


G. =7—8*7 


Amalgam. 


Oolurabite. 


Tellurium. 


Leucopyrite. 


G.^l-Ol— ll'l 


G.=^5-5 


G. =6-1— 6-8 


G.=7— 8-8 


Silver. 


Oerargjrite, 


Aikinite. 


Clausthalito. 


C.=11'4 


lodyrJte, 


^ G.^a-a 


G.^7'1— T-a 


Lead. 


Valenlinite. 


Anglesite, 


Mimetite. 


G.=I3-5 


G.=5*5— 5-8 


Polyasite, 


G.=7*I— 7-3 




Olialcocite. 
G.=5-5-«-5 


Stephanitc. 
G.=G-a— fl*5 


Ai^entite. 
G.='r*l— 7*5 


G.==15— 19 

Gold. 


Franklmito. 


UUmannite. 
G.=6'3— 6-9 


Wolframite. 


G.=16— 19 


G.=5-r— 5-& 

Boumonite, 


Wulfenite. 


G-=7-*-7-7 
Galenite. 


Platinum, 


Pyrargyrite. 
G.=5'S--a 


G.=6-3-yi 

Oassiterite. 


G.=7-2— 8-4 
TetraiJyraito. 


G.==19— Si 
Iridosmine. 


Bromyrite, 


«.=6-4 


G.=y-3-7-6 


UadeUiinined. 


Cuprite. 


Calomel, 


Niccoiite. 


Biebcrite, 


G.=5*9 


Oerussite, 


G.=7-3-7-S 


Copiapite, 


Arsenic. 


Uraninito. 


Iron. 


Molybdlte, 


G.=5-9— 6-1 


G.=6-4-e'5 


G. =7-8— 8-1 


Remingtonite, 
Wad, 


Crocoite, 


Bismutbinite. 


Stolaite. 
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SYSTEMS OF CRYSTALLIZATION. 



HO, 


S1«PLK FORMS. 


iin. 


1 


OoWUearon, or cuDe. 


.™ 


eotangujar aad equal. 


a 


TetinffoiiBl pvrsmW, orriiiht prism wifli 


3„., 


eclaDgular, 8 equal. 


3 


lUiotnblo pyramid, or rialit prism wllli a 
rhombic baSB. 


,„.. 


ettaiieular, and unequal. 


4 


MonocllulcpjramW, or Inclined rhombic 
prism. 


'"- 




5 


Triditifo PTramW. or douhly inclmcd 


'"•• 


uueqnal, aud nueqntlly incllued. 


6 


HflSOHonol pyramid, heiagonal priBra, 
or rhomljoliedron. 


4 .X.. 


isM autilea i.t tho other lUree." 



NAMES USED BY DIFFEKENT AUTHOUS. 



«o. 


«OHS. 


T.',T 


P»,..,xrs. 


».„..««. 


1™..™.=.. 


"i^a: 


TAT 




TesBular. 


RoEuIat. 


Cnliic. 


ToBBCtal. 


Cubic. 


Monomet- 


I.ou„l,l.. 




Pjrsmfdal. 


Saudi 


Pyramidal, 


Tetrago. 


nai. 


Dlmetrlc 


Tetragonal. 




Orthotype. 


landl 
aslal. 


Priamadc. 


Khombio. 


rfaombic 


TrimeMo. 


OrUinrhom- 




tliotypo. 


**c?^™" 


Obliqne. 


^a^t'^ 


Clino- 


Moiiotli- 


Monociinie. 




typo. 


'boIoT"- 


Anorthtc. 


Trielino- 


hodr'io. 


Tcidinic. 


Triciinic. 


" 


Rhomljo- 
hedral. 


\\1/ 


\^™ar 


Hozagoiml. 


H..ason.i. 


""■=""■ 


IIcMgouai. 



SCALE OF HARDNESS. 



— Talc. Laminated light green variotj'. Eneilj' seratdieii bv Hie nail. 

— Gypiuni Crvstal^zed variety. Not eaaijy scratched by the naiL Does not eeialch 

a ooppec coin. 
— falute Transparent variety. Scratches and is scratdied by a copper coin. 
— Fluor CrvHtailino variety. Not scratched by a copper coin. Dots not scratch glass, 
— Apatite Tiansparent variety. Scratches glass with dlfficultj. Easily scratched by 

5 ?capol tc CryEtailinc variety. 

— Orthotiasa. TV bite cleavable variety. Scratches gloss easily. Not easily scratched 

by the knife. 
— (JnailK. T anaparent variety. Not auratchedby the knife. Yields with difficulty to 

the me 
— lopaz Tnnnparent variety. Harder than flint. 
— sapphire Clfivable varieties. Harder than Slut 
— Diamond II irder than flint. 
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COMPAEISON 01'' NOTATIONS USED TO 
ISOMETEIO 



Ootnlicdron, 

Cube or hesaliedron, 

Rhombic dodecahedron, 

Tetrahesahedroa, 

Trigonal trisoctatedion, 

Tetragonal trisoctahedron, 

Hexootahedron, 



EBGULAE 



Hemi- octahedron, or tetrahedron, 

Hemi-tetrahexahedron, or pentagonal 
dodecahedron, 

Hemi-trigoual trisoctaliedron, , 
Hemi-teti'agonai trisoctahedron, 
Hemi-hexootaiiedi'oii inclined, 
Ilemi-liexoctaliedron parallel, or diploid, 
Hemi-hexoctahodron parallel, or gyroid, 



Tetarto-hexoctahedroc, or tetartoid. 
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BEEEESENT THE EACES OE OEYSTALa 

SYSTEM. 
OCTAHEimOK. 



lihk 
hkk 
hkl 






±.(111) 


lrl(r.;.:.) 


4 


-^ 


±«(I>1") 


lrl(a:n«:».) 


mOn 


±1 


±,(tllk) 


Jil(a:«ioa) 


-T 


±f 


±«(likk) 


Jri (a ; ma : ma) 


mOm 


*~ 


±«(tkl) 


lrl(a:maina) 


^mOn 


±f 


±«(l,kl) 


Jrl(a; ma:na) 


.[4i 


4"] 


±„.(likl) 


Jrl (a : ma : n.) 


±(^°) 


<^) 
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Tetragonal pyramid of the first order,t 

Tetragonal pjrimid of tlie second order, 

Ditetcagonal pyramid, 

Tetragonal prism of the first order,t 

Tetragonal prism of the second order, 

Ditetragonal prism, 

Basal pinacoid, 



Sphenoid of the first order. 
Sphenoid of tlic second order, 
Tetragonal scalenoliedron. 
Tetragonal trapezohedron. 

Tetragonal pyramid of the tliird order, 
Tetragonal prism of the third order, 

Sphenoid of the tliird order, 



TETRAGONAL 

TETRAGONAL 

HOLOHEDRllli 



nEMiHEnnAL 

hr. 

bii- biT h' 
bm b: h' 

hi b; h' 
hi 

TETARTOHBDBAL 



* r stands for right and I for left, to distinguish it 

t These prisms und pyramids or octahedra of the first order 
xviii 
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SYSTEM. 

PYEAMID. 



mPn 



CoPtt 



Y. (h h 1) 


r.l.H.:» 


mo) 


.(tol) 


r.l.K.; „ 


.m.) 


o>-K'(likl) 


r.14 (ma : 


...0) 


«" (li ^ 1) 


r.l.±Kma 


na:o) 


« (I. It 1) 


f i-.J (m. 


„.,.) 


(hto) 


rlK..,. 


OJO) 



mP 

±___ 
roPn 

^ 1 mPn 



I 4 p r 



from + right, and — left, in the previous forms. 

are those of the second in the diagrams, 
xix 
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Rhombic pyramiii, 

Maci'opyramid, 

Bracby pyramid, 

Rhombic prism, 

Macropriam, 

Brachyprism, 

Maorodome, 

Bracliydom.e, 

Macropinaeoid, 

Brachypinacoid, 

Basal pinacoid. 



Ehom.bia sphenoid. 



OETHOBHOMBIO 
RnOMBIO 



Tho other hemihedral Ibrnis arc singla 
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fhki 



«(hk!) I 



planes, or oairs of pai'allol plan 
* h < k t li > k 



0=i>Jl 
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MONOCLINIG 
MONOOONIC 



llonoelinic pyramid, 


C Hemi-pjrfimid, 
( Hemi-pyramid, 


6k 
bi 


OrthopjTamid, 


1 Hemi-orthopyramid, 
1 Hemi-orthopyramid, 


b,; d; y 
bl b;' h; 


CliiiLipyramid, 


' Hoini-cUiiopyramid, 
_ Hemi-clioopyramid, 


d^ b; g 

bm da g' 


Inclined rhombic prism, 


m 


Ort-lioprism, 




hi 


Oiinoprism, 




g" 


Ortliodome, 


' Hemi-ortliodome, 
' Kenii-orthodome, 


o™ 


Clinodome, 




e^ 


Oi-tliopinacoid, 




h' 


Ciinopinacoid, 




g> 


Basal pinacoid, 




P 



The Jierniliodral forms ai 
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SYSTEM. 
PYRAMID. 



likk 
Ikk 



thkl 
thkl 



hoi 

hoi 



coPn 
±mPco 
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TEICLimO 
TKICUNia 
EoiiOHEoiiAii 





Tetarto-pyramid, 


iS 


Triclinic pyfamidj 


Tetarto-pyrMnid, 
Tetari;o -pyramid, 


•J- 




Tetarto-pyramid, 


0* 




Tetarto-pyramid, 


fm d: h' 


Kaecopjriunid, 


Totarto-pyramid, 
Tetarto-pyramid, 


diti^h" 




Tetarto-pyramid, 


c^hi li 




Tetai-to-pyramid, 


4 o; g' 


Brachypyramid, 


Tetarto-pyramid, 
Totarto-pyramid, 


di hh g 




Tetarto-pyramid, 


ci fi g. 


DouHy inclined 
rhombic prism. 


: Hemi-prism, 
Hemi-prism, 


t 


Maoroprism, 


Hemi-prism, 
Hcviii- prism. 


ih 


Brachy prism, 


Hemi-prism, 
Hemi-pvism, 




Macro dome, 


Hemi-dome, 
Hemi-dome, 


.i 


Brachydomo, 


Homi-dome, 
Hemi-dome, 


ii 


llacropinacoid, 




h' 


Braehypinaaoidj 




g' 


Basal pinacoid, 




p 
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*hkl 
"■hkl 



+ liTf;l 
. + S k 1 
thkl 



thko 
+ h k o 
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HEXAGONAL 
HEXAGONAL 



Pyramid of the first order,t 
Pyramid of tlio aocond order, 
Dihexagonal pyramid, 
Hexagonal priam of the first order. 
Hexagonal prism of the second order 
Dihexagonal prism, 
Basal pinacoid. 



Eliomhohedron, 

Ehombohedron of the second order, 

Hexagonal scalenohedron, 

Hexi:^onal trapezohedron, 

Pyramid of thi; third order, 

Ditrigonal pyramid, 

Trigonal pyramid of the first order. 

Trigonal pyramid of the second order. 

Hexagonal prism of the third order, 

Di trigonal prism, 

Trigonal prism of the first order. 

Trigonal prLqm of the second order, 

Ehombohedron of the third order, 
Trigonal trapezohedron (plagihedron). 
Trigonal pyramid of the third order, 



EBUUIBDBAL 



TETARIOHEDBAL 



t These pyramids and p 



e those of the second in the diagrams, 
xxvi 
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SYSTEM. 
PTEAMID. 



(liklHp,,) 
211 
101 
hkl 
001 

(hk k) (pqq) 

=, (li k 1) 
(hklKpclr) 
»(llkl)(pqr) 

±»(hkl)(p,r) 

±»(hkk) ±«(pq(!) 

±«(hkl) 

«(hkl)(p,r), 

«(l>kl) (pqp) 



mP2 


mP2 


♦inPn 


*mPii 


o=P 


rcR 


coP2 


niEco 


coPn 


*aiEn 



"[=?] 



'■m 



«(l.kl)(p,r) 
«(hkl) 
« (pq.) 



] rarn 



±- "••["] 
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DESOEIPTIVB 



MINEEALOGY. 
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MCTDEES 



MINERALOGY, 



IIYDROOEN. 



Syn. — Snow, Ice, Wasser, Eis, Bau, Giaoe. 

Water is found in three different states ; solid when it takes the form of 
ice or snow, both of which may he crystallized or crystalline ; liquid at 
ordinary temperature ; or in the form of vtipor. When water solidifles, it 
crystaltoes, taking forma which can be referred to the hexagonal system. 
These crystals are oftenest seen in frost or snow, but it is somewhat 
doubtful whether the primitive form ia the prism or the rhombohedron, 
A rhomboliedron of about 120° has been observed, but generally the 
crystals are skeleton planes. The hexagonal prism is sometimes found in 
northern countries, but elsewhere it is rare. These crystals are sometimes 
very large, but they have rarely been found terminated. Gtenerall^ they 
are more or less hoUow and made up of concentric layers, which are 
are not in contact, but united by little planes, radiating from the 
center towards the angles. Smithson. describes double hexagonal 
pyramids derived from a rhombohedron of 113° 21'. iTiose modified 
crystals are rarer than the others. In lower latitudes ice does not show 
any traces of crystallization, except occasionally when breaking up in the 
spring it assumes hex^onal forms. In ordinary climates like our own, 
snow is less perfectly crystallized and appears under the shape of 
hexagonal stars, PI. I. Mffs. 1-10, which may sometimes be triangular 
in form from the carrying out of cert^n planes at the expense of others. 
Th« axes of tiiese stars are at angles of 60°. On these axes others are 
often found inclined to them at 60°, which are arranged like (he feathers 
on a quill. Sometimes the extremities of the axes are terminated by 
another set of hexagonal axes, forming anotlier star. Crystals of snow 
suspended in the atmosphere produce the meteorological phenomena, called 
1 
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2 LECTURES ON MINERALOGY. 

lialos and mock suns. These phciiomona are owing to. the fact that 



Whei 
all otl 



When pure, water is inodorous, colorless aad tasteless; it is liquid above 
CO. and 0.7G2 of the barometer. A cub. decim, of water at the latitude ol 
Paris and temperature of 15.5° C. weighs IK, A cuhic inch ■weighs 
252.569 grains. Water is most dense at 3.982° C. or 39.176° F. Com- 
position O 88.S9, H 11.11. 

Water, accordiug to its temperature in springs, is known as cold or 
Iherniftl. The temperature of cold springs is usually nbont 17°-18° 0, 
Beyond this point they are called tliermal. Water is rarely ever pure, 
but according to the nature of the elements dissolved is called drinkable 
(potable), or mlaeral water. Drinkable waters are those in which only 
a small proportion of mineral' matter is dissolved, and which contain 
oxygen. They are good for domestic purposes. When they dissolve 
soap they are called Eoft waters. Such is usually the water of springs 
which do not come frorn a limestone formation. "When tliey do not 
dissolve soap they are called hard waters. 

Some analyses of Tarioiis city waters are given on pp. 3, i. 

Mineral waters are (hose which contain so large o proportion of 
mirier^ matter as to render them unfit for ordinary domestic purposes ; 
they are usually divided into Salt and Medicinal waters. 

Salt waters may come from the sea or from salt springs. The water of 
the sea is the most abundant. They are generally those masses of water 
which have no outlet and can only diminish their volume by evaporation. 
Except at the outlets of rivers, sea water is of about the same general 
composition. The quantity of salts dissolved varies from 3-ijS, in 
which chloride of sodium is the principal part, but it rarely exceeds 2.6^ of 
the weight of the water or about two thirds of the whole of the solid 
material. The other substances are S'aB. MgCl, CaCl, and a very small 
quantity of NaBr, MgBr, Nal and Mgl, The largest amount of 
solid substances in the Atlanfic is at the equator, and is 3,66^. Inland 
seas contain much less than this. The bitter taste of sea water is owing- 
to salts of magnesia, For analyses of sea water, v. p. 3. 

For variations of the saltnesa of water, v, p, 4. 

The salt lakes, which are sometimes found in the interior of continents, 
are generally owing to the infiltration of fresh water, through deposits 
whicli coQlain salt. The quantity of salt which such waters may contain 
is as high as 25^, as in the Dead Sea; of this amount from 7-10^ is salt. 
The water of the Great Salt Lake, Utah, contains 20.196 ;i of salt. 

Analyses are given on p. 3. 
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LECTUaeS ON MINERALOGr. 



Impurities caiilained i 



New York.... 


. Oroton, 1889 


4.11 
. 38.95 
. . 3.37 
, . 4.58 

2.93 
.. 2.30 
,. 2.40 
. . 8.47 
.. 6.09 
, . 40.88 
.. 5.50 
. . 12.13 
. . 12.02 

4,74 
. . 5.62 
. . 1.77 
. . 16.65 
. . 90.38 
. . 7.83 
. . 14.45 
.. 6^56 


aor 

4.59 
0,59 
2.86 
0.55 
1.20 
0.71 
2.31 
1.34 
2.33 
0.93 
1.80 
1.23 
1.53 
L06 
1.34 
0.83 
9.59 
1.00 
2.13 
4.38 


4.78 


Brooklyn 


. Bidgewood, 1869. 


3,92 
7.44 




3.48 


Philadelphia... 

Boston 

Albany. 

Troy, 

Schenectady... 
.Utiea 

Eochester 






. Cochituate Lake , 

. Hydrant 

. Hydrant 


3.11 

10.78 
7.43 


. Hydrant 


6.46 


. GeneaeeEiver 


13.25 


Chicago 

Dublin 


Lake Michigan 


6.68 
3.11 










. ■Well,LeadenhaHSt.... 


99.97 






10.58 




Well 


68.93 



Varialion of (As Saltneis of the Water near New York. 
I.— North Eitbr, on the South and West Sides of the Isi,and. 

looalltj. Depth, Salt coutained In 
one U. 8, Qallon. 
Between Castle Garden and Gover- 
nor's Island, below tiie City Surface 807 grains. 

Off 25th street, 300 IL from pier head. Bottom, depth, 26 feet 1,037 " 

Off 25th6treet, 300 ft. from pier head. Surface. 328 " 

Off 25th street^ midehannel Bottom, depth 36 ft 1,140 " 

Off 51st street, 400 ft. from pier head. Bottom, depth 36 ft . . 813 " 

OiF 5l8t street^ 400 ft. from pier head. Surface 266 " 

IL — East River. 
Off 35th street Surface 1.088 " 
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LECTURES ON MINERALOSY. 

Where the substance dissolved is not salt, tlie water is generally called 
mediciaal, if it is not fit for ordinary uses. Several kinds of medicinal 



1-. Waters, with solids in solution without gas. 

2. Waters,, vfith solids in solution with gases and not acids. 

3. Acid waters. 

4. Alkaline waters. 

5. Ferruginous or chalybeate waters. 

6. Sulphurous waters. 

7. Waters with iodine. 

In almost all of these waters a little silica and some nitrogenoua 
substances are found. 

Water in the state of Tapor is always present in the lower part of tte 
atmosphere. In this condition it is completely invisible, and its presence 
is only ascertained by hygrometric or meteorological phenomena which, 
depend on the quantity of the vapor at a given, time, and the relative 
temperatures of the earth and the different strata of air. Occasionally it 
becomes visible in tlie state of fogs and mists. It is firequently observed 
issuing from volcanoes as condensed steam, and also«froin fissures in the 
earth's surface. Tliese vapors frequently carry off witt them other 
substances either in solution or as a mechanical mixture. It is also found 
in the state of vapor, but coadeTised_ at a high pressare, mixed with 
lava in a state of fusion, irom which it is given off in jets of steam as 
the kva cooK 

SITIvPUVR. 

Sulphur. S. Orthorhombio. 

Syh. — Natiirliclier Schwefel, Soufre. 

Sulphur crystalliaes as a right rhombic prism of 101° 46'. It has traces 
of cleavage parallel to tlie faces of the prism and rhombic octahedron 
It is not found with the primitive form, but generally as rhombic 
ootahedca. Many of the crystals have the basal pinacoids and some trace 
of the prism. Combinations of two octahedra vrith the brachydome 
and macropinacoid are not uofrequent^ and sometimes the braehypinacoid 
and macrodomes are found. When crystallized below 0°0. it sometimes 
takes the form of a pseudo-hexs^onal prism, with a rhombic ootaiiedron. 
Fracture, conchoidal The lustre of Sulphur is variable and is often quite 
bright. It is always somewhat adamantine and somewhat resinous, 
but is not always the same on all. the faces. Thus, those of the basal 

?macoid and the macropinaeoid are always less bright than tlie others, 
he lustre of the fi"acture is very brighL Transparent, translucent and 
opaque. When it is quite pure, it is of a yellow color, called sulphur-yel- 
low, sometimes having a greeni^ tint. It is sometimes of a reddish color, 
which has been attributed to traces of selenium Streak sulphur-yellow 
reddish or greenish. It posses.. ii p p y d b a 

very higli degree, the phen m mesgtse hwn 

SEU'allel feces. It is very b b eak gwhhh hhd 

I.=1.5-2.5, «.=2.072, h p b in 



Pyr. &c. B. P. H d haes, 
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leaviDg no residue if it is pure, which however is quite rare in natural 
specimens; a residue, which is more or leas large, is almost always left 
according to the degiee of purity of the specimen. In an open tube, it 
bums with a blue flame, and. gives off S. If rubbed, it showB resinous 
electricity, which it preserves for a long time. Insoluble ia water and 
acids. 

Pure Suiphur is met witli quite frequently in nature and is sometimes 
crystallized and sometimes amorphous. It is sometimes found aa 
stalactiles radiated about a central axis. It is also found aa in- 
crustations, which are sometimes fibrous and interlaced. The density of 
such varieties varies from 1.98-2. They are vecy easily broken as the 
fibers separate, and have a very feeble, resinous lustre. Their oolor is 
generally sulphur-yellow, tending to a grayish-white. They are hantly 
translucent on the edges. When it is amorphous, Sulphur has a variety of 
shapes; sometimes it seems to have been melted and appears as 
stalactites, in which state it is usually found in calcareous or volcanic 
rocks. It is opaque and is sometimes entirely brown and could not be 
immediately recognized. This coloration is sometimes owing to not 
more than 0.1^ of foPeign substances. It is sometimes found aa cavernous 
and drusy masses, ia which state jt is generally produced by thermal 
springs. In this state it is in the shape of a whitish powder that has 
little or no consistency. It in also found in. whitisli, compact masses, 
with occasional yellow spots. This same variety ia also found pulverulent. 
Such varieties someljmes occur in the nodules of Silex found in the 
Jurassic formation. 

Sulphur was the first substance in which dimorphism was discovered. 
Mifscherlich was the first to discover this fact. In nature Sulyihur 
crystallizes in the right rhombic prism, it may however be crystallized 
artificially by fusion and it then assumes a form derived Irom the 
raonocliuio system, the angle of the prism being 90° 32'. The inclination 
of the axes is 95° 46'. These crystals are of a dark orange color. They 
are sohible in 08' as natural Sulphur is. If they are touched, they 
become opaque and fail into octahedra of the orthorhomfeio system. 
These crystals may be produced du-ectly by evaporating a solution of 
Sulphur in OS'. This allotropic condition is very unstable at ihe 
ordinary temperature. Deville obtained permanent oblique crystals by 
dissolving Sulphur in chloroform and evaporating; this produces a 
mixture of oblique octahedra and prisma of an orange color. If the 
solution of CS' is quite exempt from Sulphur in excess, these prisms may 
he obtdned. If not, the crystals become transformed giving out a 
considerable amount of heat. These two allotropic conditions of Sulphur 
may become mixed by crystallization in different proportions. When the 
oblique form is in only a very small proportion in the mafs, the 
transformation of the whole is very slow. The mass is viscous and of a 
dark color and of lower density. It Bometimes takes several years for 
it to resume its natural density. There are stili other allotropic conditioDS 
of Sulphur. Some are insoluble in CS' and others soluble, but do not 
crystalEze, One of them is the elastic Sulphur which is obtained in 
laboratories. 

Sulphur appears to be formed under several distinct conditions. 
Sometimes it is evidentiy a volcanic product, at others it results from the 
decomposition of HS, which is contained in the soil of certain countries, 
which becoming exhaled, undergoes a partial combustion, and deposits 
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Sulphur in little er j t 1 Th ties of Sulpliur are easily soluble in 

CS'^ while those of 1 E « much less so. It is also produced 

by the decompositio 1 Ipl t which in contact with organic matter, 
undergo a partial d i t n, a d give rise to suipiiidcs which are 

often again deoorap d by tl On the air, so that tbe Sulphur is deposit- 
ed in a pulverulent form. This phenomenon is reproduced every day in 
tbe bleacheries, and also in the pipes which conduct water charged with 
julphates. A remarkable instance of this kind is seen at BnglcL'en, the 
lake of which is supplied hy artesian wells. At a certain depth the well 
pierces a bed of peat. All the water coming from below this bed, is 
charged with sulphates, and all the water above ia charged with sul- 
phides. The flints of die Jurassic formation, which have been mentioned, 
are generally the fossil remains of some of the inferior orders of animals, 
whose viscose bodies have been replaced hy silica, in waters which were 
charged witb sulphates ; in presence of the organic matter, these sulphates 
have been decomposed, and have given up their Sulphur. This phenome- 
non takes place frequently on the sea shore, where the water contains sul- 
phates in solijtioii, Alt the iron nails which fall from vessels, become in 
this way after a time, transformed into sulphide of iron. 

Sulphur eiea exists in natuve as HS, and is often discharged with more 
or less vapor of water. Many of the miasmas of Italy are of this kind, 
S is also given off in nature, but may come from the HS, for it may un- 
dergo different kinds of combustion by which S, S and even B are 
produced. In the presence of certain porous rocks and certain organic 
matter, 5 is formed. Thus, at Aix-les-Bains, the bathing rooms are fre- 
quently rotted by the S produced by the decomposition of the HS, 
Springs charged with S have been discovered in this country. Boussin- 
gault says that the Bio Madeira of Brazil is charged at certain poiuts with 
considerable quantities of S, 

FOHMULB OF TITB CRYSTALS, 
-Pi I. 

Mg. 11. P; with the base, occurs quite frequently. Rg. 12, P. 
CO P 00, Mg. 13. P. OP ; often tabular, i%. 14. P. i P. Mg. 15. 
P. CD P. Fig. IG. P. fro. JT? 17. P. f co. ^P. OP. 



Sys. — Gediegen Tellur, Qediegen Sylvan, Tellure-auro-natlf ferrif^re. 

It crystalHses as hexagonal plates, the basal edges of which are modi- 
fied, or as a rhombohedron with an angle very near 9Q°. Cleavage per- 
fect, parallel to the prism, imperfect, parallel to the base. Lustre, metallic, 
but becomes dull on exposure. Oalor and streak, tin-white, sometimes 
yellowish, rosy or indistinct, and not always uniform. Quite brittle. 
ll.:=2-2.5, G.=6.1-6,3. Composition, Te 92-97, Fe 7, An 0.25-2.785. 

Pyr, dte, B. P. Fuses easily when heated. It will even melt in 
the fiame of a candle. In an open tube it bums with a blue flame. 
Sometimes it gives a little sulphur, and generally the smell of selenium. 
The result of the combustion is a fusible oxide, which is white if pure, 
and red if mixed with selenium, or yellow if soiled with bismuth. On 
Ch., fuses, coloring the flame green, and gives a wliite coating, and almost 
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always leaves a little gold. The non- oxidizing aoids are wittout action. 
S dissolves it, and the aolation becomes turbid on the addition of water, 
on account of the bismuth present. 

It was found in Transylvania some years ago, in large quantities, where 
it was smelted to extract the gold. It is now quite rare, the blowpipe 
distinguishes it from Antimony, Bismutli and analogous subatanoes. It ia 
usually found in crystalline, granular masses, 

CARBON. 



Brs. — Demant, Diamant. 
Pure carbon is found as two minerals. Graphite and Diamond. The 
Diamond is carbon almost chemically pure. It is found in nature in 
different states, sometimes crystalliaed, sometimes as a concretion, and 
Bomelimes with an intermediate structure. The Diamond crystallizes in 
the isometric system, like most of the simple bodies. Its usual forms ai'e 
tlie octahedron and the hexoctahedron. These two forms are frequently 
combined, Tl. I. Mg. 21. The forms of the Diamond are various. The 
cube, by itself, is quite rare and is almost alwOTs opaque. It is however 
found combined with the hexoctahedron. Frequently the faces of the 
hexoctahedron become rounded and the lines corresponding to the 
diagonals of the rhombic dodecahedron are obliterated ; the figure 
then appears to be a rounded dodecahedron, Ity, 19. When the races 
of the octahedron are shown on the hexoctahedron, they are always 
plane and brilliant, though small. This allows of their being easily 
distinguished from the o&iers, which are generally rough and convex. 
The octahedron with plane and curved faces ia sometimes found. The 
cube with faces of the tetrahexahedron also occurs, Mg. 23. Rounded 
hemiliedral forms are quite common : these, compressed so as to obliterate 
some of the faces, form quite complicated crystals, Fig, 25. Hemitrope 
crystals of Diamond are also found; the most usual one is that of the 
ociahedroQ, Mgs. 26 and 27. The hemitrope of the hexoctahedron in 
which a part of the faces are wanting is a characteristic form, Fi^. 28, 
Macles of two tetrahedra are common, %s. 29, 30, 31, and also those of 
the tetrahedron and heml-hexootahedrou inclined, Mg. '62 ; two cubes 
interpenetrated are also found, FHg. 33, Practure, conchoidal. Lustre 
adiimantine. Cleavage perfect, parallel to the octahedron. Transparent, 
translucent, or opaque. Color, white or colorless; sometimes it shows 
yellow, red, orange, green, blue, brown, or black tints, which in certain 
specimens may become quite dark. Index of refraction, 2,439, H.=10. 
O. =3 .6295-3.55. Composition, pure carbon. 

Pyr, &C, ft. P. May be entirely burned in the oxyhydrogen 
flame, forming 0. Insoluble m acids. 

The various forms of the Diamond present the remarkable peculiarity 
of rounded faces. This is probably owing lo the circumstances, in 
which it crystalliBes. If a number of artificial salts are crystallized from 
a viscous liquid, some of the crystals will have plane faces, but others 
curved faces. If now when the crystals are iorined, tiie mother liquor 
is rendered less tIscous, some, but not all, of the faces will become plane. 
Those which become plane at the same time, are generally tliose which 
are produced by the same law, and reciprocaJly. Wliile these phe- 
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I taking place, tlie cleavage plane of the crjstiil reraair.s plane, 
whatsoever may be the convexity of the ciysfal. 

Even thu beat crystaUized Diamonds have a tough look and a peculiar 
lustre, which ia characteristic. The variation in density is owing to the 
fact that it is sometimes mixed with foreign substances. It is the liardest 
of ail known bodies, but is however very fragile, owing to the ease with 
which it cleaves parallel to the face of the octahedron. It is most 
valued when it ia colorless. Rarely it has quite bright colors, which, in- 
stead of diminishing its lustre and value, increase them. It has a verv 
peculiar lustre, and in order to distinguish it from all others, this lustre is 
called adamantine. Its intensity is very variable. It may be very strong 
or weak,-a<K;ording to the state of crysUllizatJon, but its peculiar character 
is always preserved. This lustre is brighter in tlie fracture than in the 
deavf^e, which is himellar, while . tlie fracture is conchoidal. The 
Diamond possesses simple refraction in the highest degree. Its dispersive 
power is very great, which is the cause of its peculiar brilliancy called tho 

With the exception of its form, the concretionary Diamond is in every 
respect e milw to the crystallized Diamond. Its form is frequently 
sphe al, with surfaces which are sometimes drusy or pointed witli tittle 
c ys lis It does not show any distinct cleavage. Its fracture is almost 
fib ooa a d frequently radiating from a center. This variety is frequently 
colored The amorphous Diamond has no very definite structure, and is. 
r a 1 able only for its extreme hardness. It is found in irregular masses, 
wh cli, when examined with a glass, are found to be made up of minute- 
cell sep'«'ated by thin partitions, which have a kind of transparency,, 
that gives to the mass the appearance of coke. These masses are often, 
brown, or almost black, with a very, feeble adamantine lustre. There- 
appears to be at times, a passage from the amorphous to the crystalline 
variety. Its density varies from 3-3.4, being very much diminished by its 
interior cavities. It is lighter and less fragile than tlie two preceding 
varieties. The powder is grayish, almost the same color as that of the 
crystallized variety. It is sometimes c^ed the Black Diamond, It is^ 
easily recognised by its hardness and lustre. M. M^ne heated Anthracite 
from Creuso^ having 3 jS of ash, in a crucible for a long time, when It 
assumed a metallic lustre and cut glass. The Diamond may be considered 
as pure Carbon. This fact was discovered in 1694, when it was burned 
for the first time in the academy at Florence, by a powerful burning glass. 
The crystalline colorless varieties, gave only 0.01^ of ash. In the 
colored varieties the proportion is larger, the Black Diamond giving 
2-3^ The appearance of the ash varies; thatof the 'crystalliEed varieties 
is crystalHae, and that of the Black Diamond resembles the adies of 
vegetable fuel. 

For many years the Diamond was supposed to be the product of 
organic action, but it is now everj'where admitted that it is a anneraL 
What proves it, is that some Diamonds contain other mineral substances 
such as Gold, &a; besides minerals, it contains germs of Fum^, and. 
fibers of. vegetable structure of a higher organization, from whicli it doe* 
not seem to have been formed at a very high temperature. Some 
Diamonds contain red, white and black spots, and if they are heated to. 
redness, and protected from the air, these spots disappear. This property,, 
which is well known to and used by jewelers. Seems to prove tJaat the' 
temperature at which the Diamond was formed, was below red heat- 
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Another experiment mnde by Jacquelin, in which he transforms fh« 
Diamond into Graphite, by exposing it to an electric cuirent, seems to 
prove thnt DiMnond and Graphite are only allotropic oondifiona of carbon, 
differinff in the temperature at which they were formed. The Diamond 
has probjibly been formed like coal, by a slow decomposition of substances 
oonUining carbon, whetlier vegetable or mineral. It has been formed 
under the Sftme conditions as regards metamorphism, that have produced 
the argillaceous shales and gold-bearing rocks which accompany it. The 
schists which were altered, may liave been shales impregnated with hydo- 
■carbons. The formation of Diamond from a hydrocarbon gas is quite 
analogous to the formation of sulphur from HS in the wet way, where, 
the hydrogen becoming oxidized, only a part of the sulphur becomes S, 
the rest remaining as Sulphur ■ so in the hnmid oxidation of the hydro- 
carbons the hydrogen is oxidized, part of the carbon becomes 0, while 
the rest of the carbon may orystalliae as Diamond. 

Formerly the Diamond was cut in flat stones, having large parallel . 
faces ; this method however gave only a little fire, and cow the methods 
which are generally adopted are the forms called Rose and Brilliants. 
The Rose has usually two plane parallel faces, the one below being lai^er 
than the one above, but the upper table is sometimes surmounted with a 
pyramid, fHg. 35. This method of cutting, however, diminishes the 
amount of fire and it becomes necessary to set the stone with an opaque 
back, which is generally of silver, thus throwing back the rays of light 
and increasing the fire. This method of cutting is only used for flat 
stones which do not hare a good form. The metliod of cutting 
in Brilliants, Fiff. 3i, is much better adapted to stones of value. It 
consists of an unner plane, which is quite large and generally square, with 
the angles cut off. This is surmounted by a border made up of triangular 
or lozenge-shaped faces. This border generally occupies one-third of the 
whole height of the atone. There is sometimes another boi-der below 
called the pavilion,. which occupies the other two-thirds of the height, the 
faces of which have tlie same general shape, but are longer. This is 
terminated by a lower plane similar to the upper one, but much smaller. 
This method of cutting is the best for the fire, since the rays of light no 
longer traverse the stone but are thrown out of it by the upper face 
through which they enter. For this reason the stones are always set 
open. There are special methods of cutting for those stones, which 
would 'lose too much of their weight by being cut in the ordinary way. 
It is expected that a rough Diamond will lose X of its weight in cutting. 
WLen the stone is of a remarkable bIko a mould is generally taken of it m 
plaster. This model is then cut, so as to allow the largest possible brilliant. 
In this -way the method of cutting which will make tlie stone lose (he 
least possible weight is determined. Wheu the stone is very large and 
woiild lose too much of its weight by cleavage, it is simply worn down 
and then pdli^hed, but it would take three or four years to cut a large-sized 
stone by frieUon only. A cut Diamond sometimes seems to have defects ; 
this maybe owing to the fact that some of the natural faces have been left 
in order not to reduce the size of the stone too much. Such faces are 
lUways very smMI, This is the case with the stone known as the "Star 
Of the South:" 

The ancients knew nothing about cutting the Diamond, but wore as 
ornaments only the natural stones. They chose always the most regular 
ones, especially those with sharp edges. It was not nntil 1466 that Louis 
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Berquen, of Bruges, in Belgium, disco 1 th th d f tt tl 

Diamond so as to jncroase its lustre. Tltttp tia ttk 

off the o»t«r coating of tte stone by tn f th t ral 1 f 

in this operation it becomes apparent tl t th t t 1 ll is 

uneven, or that it is covered with knots, t i th w mt th t t b 
powdered. If the stone passes this test, t g d acco di t th 
form that it is to receive, by rubbing t t t g li d t 

When the approximative form has been g th w y t fast d 

to a st«m of copper, terminated by t um t d t d t h Id 

the stone which is held in position by tgfblmtl d 

it. The face is now finished by bringing t ag th f i wh 1 
made of soft steel and covered with d dpwd J ITIw 

wheel is horizontal and the stone is incl dp t t th 1 wl 1 

intended for the face. In this way the to p 1 1 d a<:h f b g 

successively produced. The Diamond wh h t fit t t and 

which are not needed for powder ar d f th d f t 1 f 

drilling or turning hard rocks, such as G-a t d P phy y Th 

sraall stones which have very sharp eJg ed f tt g gl 58 

those which are best adapted for this p p tl wh h h tl 

terminal angles of the octahedron, beoa h as th w II b b t 

a single point of the Diamond in cont t w h th gl sa h h t tl 
latter, without crushing it. Wollastoii h h w th t ry to wh h 
scratches glass, as Conindum, Quartz, et t th w wd! 1 

cut glass giving a clear cut. The cle t f D m d t f 

long time been nsed as jewels for watcl Th Bl k D m d 1 a. l&o 

been used for a long time for turning d 1 t ly th try f 

drilling the harder rocks. 

A Diamond of 5-6 carats is a very larg t th f 1 y 

rare and very few are known that weif,l m tl 1 >1 

Weioht of Historic Diamonds. 



Rajah 


367 


Piggott 


82i 


Great Mogul* 


279t», 


NassacI 


rsf 


OrlofF 


104i 


Dresden 


rej. 




186 


Sancy 


53| 


Portuguese 


148 


Eugenie 


51 


I'lorentine 


139i 


Pasha 


46 


Kegentl 


136 


Dresden (green) 


£| 


SUr of the South? 


125 


Hope (blue) 


Koh-i-noor (recut) 


106 V 


Polar Star 


40* 


Shah 


95 


Cumberland 


82 


Sultan of Turkey 


84 


Russian (red) 


10 



Jewelers acquire by praelioe the habit of distinguishing between the 
Diamond and all other stones which are used to imitate it. It requires 
long experience and practice to acquire this power and it is better to use 
some scientific means than to trust to the judgment alone. These means 
are given in the following table. 

• Uneut It weighed MO corBla. t Uncut It washed 793 csrats ; It It Banposed tlint another 
stone wciehtaK 130 aautswss cat off the orlglMl. J Uncut it weighed 410 csnta. S Uoculit 
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Table for DisriNauisHiNO Precious STocEg, 





iwnmij-. 


«v™«ii 


■ 


RffracHoR 


EleOriMtJ/ 


Diamond. 


3.52-3.55 simple. 




2.455 


PosItiYo, not durable. 


Eaby,Sapphire 


) 










anabn^ntal 


} 3.9-4.3 


Double. 


Insia. 


1,765 


LastB several hours. 


Amethyst. 


) 










Chrysoberyi. 


3.S-3.8 






1.760 


Lasts seyei si hDDFB. 


White Topaz. 


3.4-3.6 


Di.iiWe.S 


Saiea. 


1.635 


More than 34 hoarB. 


Chrysolite. 


3.3-3.5 


Double. 




1.660 




Emerald. 


2.6-2,8 




I axis. 


1.585 


Poeltivo. 


Spiuel. 


3.4-3.8 


Simple. 




1.755 




2ircon. 


4.4-4.6 




1 axis. 


1.900 


PoaitWe, not durable. 


Quartz. 


2.0-2.8 


Double. : 




1.549 


Poaltiye.notdntal)le. 


Stress. 


Tar. 3.5 


Simple, 






Not durable, variable.. 



Tlie Diamond has never yet been found in place, hut only in alluvial 
formations. In Brazil, in the province of Minas Geraes, it ia found in a 
sandstone, which is probably a metamorpbio rock, called Ttacolu- 
myte or flexible sandstone. It ia often pierced by minerals which may 
have penetrated it after its formation. It is made up of crjstiJs of Quai tz 
that interlock with each other so as to allow of a little movement. It ia 
possible that the Dianiond may also have been formed and penetrated this 
rook like the other minerals it contwns. IVagmeats of Itacoliimyte con- 
taining Diamonds have been offered for sale at Eio Janeiro. 

Many attempts have been made to reproduce Diamond artificially but 
only very small crystals, if any, have ever been made. Any attempt to 
reproduce it is made in the dark, because we know so little about its 
naturid production, and this is probably the secret of the constant 
failure to make it artificially. The mines of Brazil were first opened 
in 1727- It is estimated that since then, they have pro- 
duced two tons of Diamonds. The unit of weight adopted to deter- 
mine the value of the Diamond is the carat. The name is taken from 
a bean of the Bast Indies, for which the weight of 2i- centigr. has been 
substituted. To determine the value of the stone, the price of the first 
carat is determined by ttepurity of the stone and the probable ease with 
which it can be cut. In England, a Diamond weighing one carat and of 
the purest water is worth, when cut and polished, £12. From this as a 
starting point the price increases with the square of the weight multiplied 
by 12, but in latter stones the value is generally arbitrarily fixed. The 
rough. Diamonds are divided info several categories. Those which con- 
tiun no defecis are called crystallized, or of the first water; those which 
we only slightly colored and have only a few defects are called of the 
second or third water. Beyond this point, tliey m^ placed among the 
refuse and are reduced to powder to polish those of. the other classes. 
The dealers in rough stones acquire the power of distinguishing the vyater 
of a rough stone by simply breathing upon it Mot only Ike water, but 
the color may be ascertained in this way after practice. If the stone 
breathed upon is light green, the Diamond is ccdorless'and of the Erst 
water. If it is pale yellow, it ia fawn color and of the second water. A 
milky white will give a bluish tinge called celestial-blue, of the second 
water; gold-yellow gives a reddish tinge of the second water. Stones 
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ivhict have deep oolora we called fancy stones. They may be green, red, 
blue, or black and have a high value on account of their rarity. In an 
invoice of rough Diamonds there is generally one-third of tlie first watei', 
one-thirdof the second, and one-third of a quality for reducing to pow- 
der for polishing. This proportion will of course vary, with the place 
irom which the stimea are sent. The atones which came fram the mines 
of India, now no longer worked, contained more of the first water than 
ihoae from the Uvals and Brazil. 

The Diamond is found in this country in Franklin, Rutherford and Hall 
counties, North Carolina, m Manchester, Ta., and in several places in Cal- 
ifornia, and it is reported from Idaho. 

SOmmtM OP IHB OETSTALa. 

PI. J. 
Fig. 18. 0. Mg. 19. CoO, with curved faces. Mg. 20. 3 0|, 
with curved faces; characteristic form. Fig. 21. 3 Of. O. Fig. 22. 
■OoOJ. i^. 23. c»0|. osOos. Fig 21. —^. i^. 25. Distorted 
form of I^. 20. JJ^g. 26. Hemitrope j composition-face O. Fig. 'LI, 
The same. Fig. 28, Hemitrope of Mg. 21 ; the middle portion of the 
crystal, between the opposite sets of six planes, is wanting. Fig. 29. In- 
terpenetrating tetrahedra; composition-face O. ^.30. The preeedingj. 
witli the octahedron. Fig. 31, Interpenetrating tetrahedra. Fig. 32. 
Twin crystal formed by interpenetrating crystals, with tlie combination 
' . -^. F^. 33. Interpenetrating cubes. Fig. 34. Form of the 
Brilliant, J^, 25. Form of the Rose Diamond. 

Graphite. C. Hekaqohal. 
8yn — Plumbago, Black Lead, Reissblci, Fer carbure. 

It crystallizes in hexagonal tables, with traces of a rhombohedron of 85° 
29', Other forms are sometimes found, but it is generally not very well 
crystallized. Cleavage very easy, parallel to the base. Lustre, metalhc. 
Opaque. Color, black. Streak, black and shining. Flexible in thin 
lamellie. SectJle; soils the fingers. H[.=:l-2. G.=2.0891. Compo- 
sition, pure carbon. 

Pyr. &c. B. P. Infusible. At a high temperature bums, leaving 
generally a little red ash. Not acted on by acids. 

It is rarely ever pure, and when used must undergo a, careful 
preparation to separate it from foreign substances. By many it is 
considered as the ultimate form of tne coals of vegetable origin. It 
appears fe be produced by the decomposition of soma organic matter. 
It is frequently found associated with Calcite and the grammar variety of 
Amphibole, called Pargaaite. It can only be confounded with 
Molybdenite, which" is of a bluish color, and which gives a greenish 
streak on glazed porcelain and the molybdenum reactions before tlie 
blowpipe. It is largely used in the arts for the manufacture of lead 
pencils and crucibles, and also as a lubricator. It has been found in the 
U. 8. in Massachusetts, Connecticut, Vermont, New York, North Carolina, 
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C^arbonic Add. 0. 

Srs. — Kohlensiiure, Aeido carbon ique. 

Carbonic acid is, given off from many mineral waters, and near some 
volcanoes. G. =1,5245. Taste, slightly acid and pungenL Destroys 
life. Composilioa C 37.27, O 72.73. 

The Saratoga and Ballston. watera owe their Bparltling to this gas. 
Sometimes its disengagement is distinctly traceable to the decomposition 
of carbonates, but generally -this phenomenon is more or less intimately 
connected Willi roloanic action. la some countries, as in Frauce, the 
soil is impregnated with Carbonic acid, which is such a serious obstacle 
aa to entirely prevent the working of certain mines. A pit which was 
fiill of Carbonic acid has been linown to empty itself after standing for 
years, the gas following the track of a road and suffocating horses in a 
stable more than 100 meters from the orifice of the pit. In tlie island of 
Java, there is a valley filled with Carbonic acid which is called the 
"Valley of Death," the sides of which are stfewn with the bones of men 
aaii animals. It is probably the crater of some extinct volcKno, or is 
connected by fissures with some permanent source of Carbonic Acid. 

BORON. 



Srs. — SasBoline, Boiic acid, Borsaure, Acide Boraoiquo. 

It crystallizes as a doubly inclined rhombic prism of 118* 30'. CryBtals 
are however quite rare. It has a very perfect basal cleavage. Lustre, 
pearly. Translucent. Color, white, or yellowish, sometimes gray when 
assoeiatfid with Sulphur. Taste, slightly acid, saline and bitter. Peels 
smooth and unctuous. H.=l. «.=1.48. Composition, B 50.4, fi 43,6. 

Pyr. &C. B. P. In a closed tube gives off water. Fuses to a clear 
glass, coloring the flame green. Soluble at 1I}0°C. in 2.97 parts of water. 

It is quite rare in nature. The eruptions of some volcanoes have pro- 
duced deposits of little white crystals of SassoUte sometimes associated 
with Sulphur, which have a pecuhar and waxy lustre. The crystalliaation 
is usually very imperfect, and they are generally nothing more than silvery- 
white scales. It occurs also in considerable quantities in the lagoons 
of Tuscany. It is easily recognized by its lustre and the green flame 
before the blowpipe. 

$11.1 CON. 

Oxygen Compounds. 

Quartz. Si. Hexagobai.. 

Syn. — Bergkrystall, Quarz, Kiesel. 
Silicic acid alone constitutes the mineral Quartz. This mineral is sus- 
ceptible of a large number of very remarkable aliotropic conditions, which 
are distinct by their mineralomcat, physical and chemical properties. They 
might constitute a number of distinct mineral species. It would however, 
be difficult to eeparate them, on account of the gradual and imperceptible 
pntaage of one into the other. They are therefore united under the name 
Quartz and regarded simply as varieties of the same species. 
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LECTURES ON MINERALOGY. 
We shall thus consider: 



CoKCKErlONAKY QuAHTZ AgaTE Or CaALCEDONT, 

Jaspeh, 

SiLKx or FtiNT, wiiich is more easily attacked by alkalies than the other 

Eahthy Quartz, sometimes in the shape of flour and, in every way analo- 
gous to the silicic acid produced in the laboratories. It is often formed 
of the skeletons of iufusona. 

QuABTZiTES and Sans. 



QuARTK crystallizes in rhombohedra of 94° 15'. It has a very difficult 
cleavage, parallel to the faces of the primitive rhonibohedron. In order 
to produce it the crystal must be heated and thrown Into mercury; if 
thrown into water it would split, without cleaving. The primitive rhom- 
bohedron of Quartz is very rarely found, and is always in very small 
erystala. A form which is sometimes found is the rhombohedron, with 
tbe heKagoaal prism, PI. II. i%. 3. The faces of the prism are tlien 
always striated parallel to the horizontal di^onal of the rhombohedron, 
i. e. across the faces of the prisms. The moat general form however ia 
the combination of the two rborabohedra, R and -R, by which the prism 
is apparently terminated by an hexagonal pyramid, Mg. 2. These fs.cea 
are frequently very unequally developed as in JJffS. 9 and 3B, and generally 
show a difference in lustre. In some varieties, especially the opaque ones, 
the two rhombohedra are equally developed, which gives an hexagonal 
pyramid with equal faces. Fig. 2. When the hexagonal prisra 

disappears, we IVave a complete hexagonal pyramid, Fig. I. It some- 
limes happens that two and evea three rhombohedra at different angles 
are placed together, giving rise to pointed forms, JF^s. 10, II, 12, 13, 
and 32. The faces of different rhombohedra usually have different lustres. 
Crystals of Quartz are capable of a peculiar kind of hemihedry. Some- 
times the faces of the tetavto-dihexagonal pyramid (plagihedron) are 
observed, ii^gs. 5, 9, 11. Therightandleftforms, when they occur l^igetlier, 
make a soalenohedron, Fig. li. It may happen that a series of two and 
even three plagihedral faces occur at the same time. These two series 
of plagihediid faces have very remarkable and different optical properties. 
They show the plane of polarization turning in opposite directions. This 
hemihedry is frequently the cause of peculiar phenomena, and sometimes 
changes the lustre of the faces. Some varieties, especially those whioh 
are violet or dark yellow, frequently have a velvety lustre in their trans- 
verse fracture, instead of being vitreous as they generally are. If we ex- 
amine this fracture with the microscope, we shSl find that it is produced 
by little faces fitting the one in the other. These faces are alternately 
plagihedral right and left, so that the fmcture has undulations whioh give 
It the velvety appearance, the different faces reflecting the light sometimes 
in one direction and sometimes in another. Faces of the trigonal 
pyamid are often observed, Mgt. 5-7. Hemimorphio crystals, howevrr, 
are very rare. Fig. 15. Twin crystals of Quartz occur very frequently, 
the most usual on^ being those formed by intei-penetration, Iiga. IB, 17, 
28 and 30, or by juxtaposition parallel to the vertical axis, J^gs. 18 and 19. 
More generally, however, they are very irregular, so that one rliombohe- 
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(Iron is distributed unevenly through, the faoos of the other, as in Itg. 31, 
in whicli the shaded parts of the pyramidal faces are-R and the unshaded 
parts B, The same formation can he very often observed upon the faces 
of tlie prism, Fig. 29. Geiiiculated twins also occur, Fig. 20. Crystals of 
Quartz are often found which have been compressed, and the real crystal- 
line form is very often concealed by this defonnity. This compression may 
take place paridlel to two of the faces of the hexagonal prism, as iu Figt. 

21 and 27 ; when at the same time it ia lengthened in. the direction of the 
horizontal axis, forms similar to F^s. 23 and 2B result. Sometimes the 
flattening takes place parallel to the faces of the hexagonal pyramid. Figs. 

22 and 23, and sometimes one face of the rhombohedron is developed at 
tbe expense of the others, Fig. 24. Besides these, crystals variously dis- 
torted and bent are very often found. 

Its fracture is conohoidal or scaly, the pieces having very sharp edges. 
Its lustre is vitreous, but some colored varieties have a velvety lustre 
caused by the interpenetratioii of fibrous minerals. It may possess every 
possible degree of transparency. The colors of Quarta are very 
variable. It may be colorless, or different shades of yellow, brown, 
violet, red, green, blue or black. The colorless varieties are sorae- 
times called Hyaline Qilarta, and the yellow False Topaz. The broHTi 
and black are called Smoky Quartz, and the violet varieties Ame- 
thyst The other permanent colors are white and rose. Almost all 
of these colors admit of being transpaient. There are a few, such as red 
and yellow. whiL,h are always opaque, A variety much esteemed is 
known as Aventunne which ii Quarta filled with yellow mica ; it is often 
called Gold Stone This stone is very often imitated and is not to be 
confounded with the variety of Feldspar, that has the same name, 
StreaK, white or lighter than color It acquires vitreous electricity by 
friction, but loses it very quickly H.=;7, G,=2.5-2.8. Composition, 
Si i6,67, O 53 3i 

Pyr. &C. B. I". It IS infusible by the ordinary manipulations 
with the blowpipe, and with difSculty fusible in the oxyhydrogen flarao. 
It is not acted upon by any ■wid except HPl. 

When it crystallized the Quartz may have become associated with 
other substances. , Thus the blood-red varieties, as Hyacinth Quartz, 
which are generally doubly terminated) are impregnated with anhydrous 
sesquioxide of iron, which sometimes only forms an interior or exterioi- 
film. The violet varieties, Amethyst, are often colored by organic matter. 
Out generally by manganese. The crown, smoky varieties appear to be 
colored by organic matter. Wohler announced some years ago that ho 
had discovered free silicon in these varieties, which however existed 
only in traces. The brown color however does not seem to be owing to 
" ■■ " .rs or at I aat bee m light wh th y I 

5 true f th 1 y 11 w t s. Th 

' h t th m til th y h 
■h m I m y b col d 
nrtiGoially. To effect this it must fitbhtd dthw t t 
by which fissures are produced It th pi d I h y d 

there results a feeble coloratio wl h is m t pp t th fl 
The colored varieties produced byplggQ t tmtl f 
are called Subasses. The color p d d b th d t f th tl 
films of metal that penetrate tl Ii Eb 1 i d m k 
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silicic acid enter into combioatioo. with certain organio substances; a 
substance was thus formed which gradually deposited its silica. 

Quartz frequently envelops crystals of other 'subatancea such aa Barite, 
Eutila, Pyrite, Asbestua,- Chlorite, Epidote, or even substances which 
would be affected by heat, as Stibnite and some carbonates, Somelimea 
it cont^ns cavities, which are fllted with a liquid that makes itself 
apparent by little bubbles of gas. Davy after esamining Ihia liquid, 
and Brewster after studying ita optical properties, came to the cpneluaion 
iiia.t it was a very volatile liquid, so volatile that when the crystals 
were cut, the sides of the cavity becoming thin, the crystal burst with a 
alight explosion and the liquid was immediately volatilized. Besides this 
we have seen that under the influence of heat the colorations of Quartz 
changed ; , these circumstances would seem to indicate that Quartz was at 
least sometimes, if not always, formed at a relatively low tempera- 
tare. Within a few years very distinct crystals of Quartz have 
been produced artificially at a temperature of 150° or 160°O. Crys- 
tals of Quartz are also found in the Chalk where they must have 
been formed at a, low temperature. The appearance of crystal- 
lized Quartz is often roodiaed by tlie foreign Bubstanoea which it 
contains and we sometimes see faces of increase in the interior which 
have been covered with other substances. These faces oftentimes do 
not adhere very closely and can be separated by a blow. This 
phenomenon produces the cfystals kuowa as cap crystals. Generally 
the material which thus covers the crystal in oxide of iron or chlorite. 



ri. II. 

mff. 1. R -E. Mg. 2. 00 P. E. -R. M^. 3. ooP. K. 4E. 
Mg. i. coP. K. -B. 2P2; the latter faces occur frequently and are 
usually very brilliant. Fig. 5. coP. K. -E. 2P2. 6P|j the lat- 
ter faces form the plagihedron or trigonal trapezohedron. Mgs. 6 and 7. 
CC P, B, -R. 2 P 2 ; showing the difference between, and the positJon 
of the left-handed and right-handed trigonal pyramids. In Mg. 6 the face 
2 P 2 is left of the face K, and in Mg. 1 right. Fig. 8. cc P. E. -R. 
4E. 6P4. 2P3. Fig. 9. 00 P. coP2. E. -E. -7R. 6?^ 
showing the fotartohodral face of Co P 2 ; from Carrara. F^. 10. co P. 
R. -R. -7R. 6Pf 2PS; from Dauphiny. Fig. U. coP. R. 
-R. -HE. 6P|. i%. IS. -HR. B. -R ; with tho rhombohedron 
-11 B predominating, also from Dauphiny, Fig. 13. Co P. R. — E. 
3E -iR. 0P|. 4 P J ; from Switzerland. Fig. U. 01 P. R -E. 
6P|^j remailiable because 6P-| is hemihedralj forming a scalenohedron,, 
as both the right and left forms are present; from Brazil. Fig. 15. 
00 P. OP. E. -R; a very rare hemimorphic crystal. Fig. 16. Inter- 
penetration twin, Fig, 17. Hemitrope ; composition-face OP, Fig. 18. 
Twin crystal by juxtaposition. Fig. 19. The same. Fi^. 20. Genicu- 
lated twin; composition-face P2. Figs. 21-27. Distorted crystals. 
Fig. 28, Group of crystals, showing the formation of the f 
upon the prism. Fig. 29. Interpenetratioa twin crystal. Figs. 
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aad 31. Twin, crystals, showing regular a,nd irregular intorpenetra- 
tioa. The unshaded parta are E, and the shaded parts — E. ^Ig. 32. 
Pointed crystal, with a, series of different rhombohedra. Mg. 33. K. 
-E. 00 P; with R predominating. 

OoNoaETroNART QuARTz Or Aqate is less pure than the crystallised 
Quart2^ It contains 1^ of metallic oxides and sometimes alkalies, which 
appear to remain as witnesses of the solutions which have deposited the 
Quarta. It has a variable hardness, but always much less than that of 
crystallized Quartz. lis fracture is generally scaly and rarely fibrous. 
When examined by polarized light small needles are sometimes seen, 
which would appear to indicate an incomplete crystallization. It is 
generally mamelonated aud stratified. Sometimes it looks like a mem- 
brane, as if it had been a gelallnong substance resting on a few points and 
had afterwards contracted. It frequently moulds itself into cavities, left 
empty by the solution of crystals of Fluorite, Calcite and Gypsum, and 
takes the shapes of oi^anisms, and especially of fresh water shells. It ia 
also found lining large geodes in concentric layers, each layer being of a 
different color. This is the variety sometimes called Ribbon Agate. 
Some Agates remarkable for their colors are made use of in the arts, such 
as the blue variety called Sapphirine, which is the variety that usually 
fills the cavities left by Fluorite. The Sardine stone, which is a brownish- 
yellow, Carnelian, clear red, Chrysoprase, clear apple green, aad Prase, 
dark green, are also varieties that are often made use of for ornamental 
purposes. These colors are sometimes caused by metallic oxides, but more 
frequently by organic matter. It may be colored by imbibation like crys- 
talliaed Quatta. The varieties which contain crystalline substances 
ramified like vegetation, are called Moss Agate. This disposiUon is often 
produced by metallic oxides, such as those of iron and manganese, and 
sometimes Stibnite, which are crystallized in dendrites. Sometimes the 
same effects are produced by fractui'es which were formed while the 
Agate was being deposited. Agate may have every degree of trans- 
parency, and it often replaces tlie structure of organisms. This is done in 
a peculiar way and by a method of petrifaction which nature has not ex- 
plained, and which is entirely distinct from (he filling up of the cavities 
left by other crystals, of which we have already spoken and which often 
takes place iii fossil shells. Concretioaary Quarts takes the place of the 
organism airaost molecule for molecule, the empty spaces remaining empty 
and the full parts only being replaced. This is often seen in wood and 
animal onanisms, which are entirely converted into Quartz, but which 
retain their own proper structure. With the Madrepora and other species 
this replacement is so perfect, that even the name of the species can be 
determined. The Moss Agate may be artificially imitated, by causing 
nitrate of silver to penetrate ordinary Agate, when the former crystalhzes 
and turns black under the influence of light. The zoned or Eibbon 
Agate is much used ia the ai'ts. When the zones or strata are in 
parallel layers, and the colors in great contrast, this variety is called Onyx. 
Ordinary Onyx ia a combination of black and white, while the Sardonyx 
consists of a combination of the Sard with white. The variety which is 
penetrated by Asbestus, when cut in carbuncle form, is known aa Cat's 
Eye. Agates are often used for cameos, in which case they must have 
parallel layers of different colors. These are often produced artificially, 
Jasfek is the name given to all the highly-colored opaque varieties of 
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Quartz. One of the most beautiful kin<is is the variety oatled Hehotrope or 
Bloodstone, which is green, spotted with red. The variety found in 
parallel bands of different colors, called Ribbon Jasper, is not always 
composed entirely of Quartz. It contains fusible portions which are 
probably Feldspar. The red variety of Jasper, when polished, is much 
used for prnaments. Jasper is a state which may be affected by any one 
of the varieties, and is especially interesting on account of its use ia the 

In the variety of Quarte called SiLBX or Flint there is no trace of 
erystallization to be distinguished, even under the microscope. The sili- 
cic acid is still less pure than in Agate, It would seem as if it was in a 
different condition from that of the two other varieties. It even differa 
A tittle from that of Agate in its chemical characters, for it is easily 
attacked by alkaline solutions, a property which is used in certain 
locftliues for preparing on. a largo scale the soluble silicates used in 
piunting. It frequently shows a passage into Agate, and even into 
crystallized Quartz. In the Silex or Flints that occur in the Ohalk, some 
parts are found which are quite analogous lo Agate, sometimes even 
resembling little crystals. Silex is found in two distinct states. Tho 
first is called Pyromac, but is generally known as Flint. It is found in 
the Chalk formation, Uie layers of Flint being djstritmted in extensive 
beds in which the nodules are not contiguous. Their forms are very 
irregular, soraetiraes ramified and having rounded edg^, and generally 
the outside is covered with Challi. The fracture is quite perfect, with 
very sliarp edges ; somewhat translucent. The fracture and the colors 
are always dull, generally white, gray or black. The dark varieties are 
the most frequent. These colors appear to he owing to organic matter, 
for when it is heated it becomes white and opaque, giving off water. 
The black varieties treated with bichromate of lead give off carbonic 
acid. In most of Ihe arenaceous formations it has undergone a very 
singular transformation, tho sand being composed of very small crysti^ 
of Quartz and Silex which have become farinaceous, though still 
preserving Uieir form. The second variety is known as Quarta-millstone. 
It has a peculiar look and is full of cavities, sometimes resembling a 
sponge. It frequently resembles the reticulated tissue of bone. This 
variety is found in regular beds, especially in the Tertiary formatioQ, 
which contains the Fontainebleau Sandstone. They are used for millstones 
when the texture is fine, and for building purposes when it is coarser. 
When the texture becomes spongy, they are used for fortifications. They 
become crashed under tlie stroke of the projectile aud thus the hall loses 
a large part of its Uving force. It replaces organisms, especially the 
Echinoderms. It is however done by flUiug up tho empty spaces and 
preserves no trace of the organization. 

Tho variety called Eartuy Qoahtz is an allotropic condition which is 
entirely distinct from the preceding. This earthy silica is sometimes called 
Flowers of Sihca and is almost entirely soluble in alkalies. It is foutid in 
a number of varieties. The Flints of the Chalk formation are covered over 
with a white crust which appears at first sight to be chalk. It does not 
however effervesce, and it is in fact earthy silica^ which is almost entirely 
soluble in alkalies. These Flints oilen ratde when they are shaken. This 
is caused by the interior being incompletely filled with this earthy silica, 
which is entirely analogous to that which forms the exterior crust. This 
decomposition is often carried so far as to make a light porous mass, which 
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floats upon water and is called Float-Btone, Thia same phen 
sometimes observed in some calcareous silicates, from which the lirae has 
been dissolved. The Geysers of Iceland deposit a variety of silica, very 
analogous to iiis form, called Qejserite. The waters of these springs are 
charged with alkaline ailicatea, which decompose and deposit siliea. 
When this rock is examined with the microscope, it is Ibund to bo made, 
up of little concretionary spheres quite analogous to geodes of Agate. All 
these varieties of Earthy Quarta are rough to the touch, hut there is another 
variety, made up of the skeletons of infusoria which is much smoother. 
The ^eletons of these animals consist of silica, in tead f ph pi ate of 
lime. This variety is known under tlie name of Trip 1 an I y much 

used for polishing. Under the earthy aspects, sil ca ha^ only n galiva 
characters. It is known by its infusibility and n t diss 1 n acids, 

and it is not plastic when moistened, as clays are. . 

8and is the name given to Quarta when in small f af,m nt Sand may 
be of different kinds ; sometimes each grain is a compl t y tal , some- 
times it is rounded or concretionary ; and sometimes t pp s t h e no 
form, but to be made up of fragments of crystals. These grams of Sand 
are olten united together by a cement. The cement may be metallic as 
sesquioxide of iron, or it may be lime or silicio acid. This produces a 
Sandstone. When the fri^ments are large and round, tlie rock is called 
Pudding-stone, if angular, Breccia. When the cement is silicic acid it 
forms a rock which is called Qcartzite. In this case a metamorphie action 
has often taken place which changes the condition of the Quartz, so that 
the mixture becomes entirely uniform and the fracture gives sharp edges. 
At Fontainobleau the Sands contain sufficient lime to cause them to crys- 
tallize with the form of Calcite, even when they contain as much as 80-85 ^ 
of silidc acid. Quartz is found in great abundance in all parts of U, S. 

Opal. Si. 

Syk.— Fire-opal, Peueropal, Menilite, Hyalite, Fiorite, Kieselainter, Float 

Stone, Schwimrastein, Tripoli te, Tripoli, Kioselguhr, 

Alumocalcite, Hjdrophane. 

Opal is sometimes called Quarta-resinite. It ia however distinct from 

Quarta, botli in its chemical reactions and in its composition. It is a 

dimorphous form of Quarts. Its fracture is smooth conchoidal like Si!ex, 

but it is brilliant, almost sparkling, with a peculiar lustie known as 

opaline. The lustre of Opal ia vitreons, pearly or resinous. Transparent, 

translucent, opaque. Color, white, yellow, red, brown, green, often with 

a very bright play of colors. Streak, white. II.=5.5— 6.5. «.= 1.9-2.3. 

Composition, 3i as for Quartz; but it contains a variable proportion of 

water, from 3-21 ^, which it may sometimes be made to give up and 

take ^ain. ■ In a vacuum it loses its water and becomes entirely opaque. 

Pjr. &«. B. P. It is infusible before tho blowpipe, but loses 
water and becomes opaque. In some varieties, the transparency may be 
made to reappear by plunging it into water. Sulphuric acid frequently 
turns it blaokj which shows that it contains organic matter. Some vMueties 
turn red, owmg to the presence of aesquioxide of iron. It is soluble in 
alkalies, but not so easily as the calcined silica of the laboratories. 

The transparent varieties are called Hyalite. They have a mamelo- 
nated and stalactitic form. Tlie variety known ns precious Opal is 
generally found disseminated in trachylio or porphyritic rooks and has 
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fiequeailly very brilliant colore. Such Opals are highly piized as objects 
of ornament The exact cause of the play of colors is not perlectly 
understood. It appears to be owing to the hydraUoa of tbe silicio acid, 
lor if an Opal is Ideated it loses the fire, but sometimes regains it in a iesa 
degree when it is put into water. Fire Opal is the name of a red variety, 
with a bright play of colors, from Mexico. Jewelers recognize two Tarie- 
lies of precious Opal ; one of tJiem, called hard Opal, retains its fire with- 
out any sensible diminution ; the other, called soft Opal, loses its fire after 
a, time altogether and changes color. It is always most brilliant after an 
exposure to a damp atmosphere for a certain time. The varieliea which 
show no play of colors are called Semi-Opal. Some milli-wbite varieties 
which are sometimes a little yellowish, but never transpareni, beooma 
transparent when put into vfater and give off little bubbles of air, and are 
called Hydrophane ; when it is put into different liquids, as water and 
alcohol, their angle of refraction changes, but this refraction does not ap- 
pear to have any relation with the liquid which liaa been absorbed. A 
very impure variety is found near Paris, which is called Menilite. It is 
very fragile and seems to have been formed in a pasty state, Opal has 
.every varie^ of color ; one of the moat curious is the rose variety cailed 
Quincite, It occurs disseminated through iimestoue and cuutains consid- 
erable magnesia. 

Opal may, like Agate, replace organisms and especially the woods of 
the Monocotyledons, Buch as tke palms j such pseudomorphs are called 
Wood Opals. The impure varieties are found in many places in (he U. S. 

SILICATEa 



I. Bi silicates. 

AmphiboU Grou^. 

Wollastonite. £la Si. Masooumo. 

Sth.— Tabular Spar, Tafelspath. 

It crystallizes as an inclined rhombic prism of 87° 28'. It is rarely found 
in crystals, PI. II. Fig. 34, and these are hot often simple. It is general- 
ly in crystalline masses, which are lamellar or baciilary. Cleavage easy, 
parallel to the base. Fracture, uneven. Lustre, viti'eous or pearly on tiie 
cleavage faces. Translucent. Color, white, yellowish, brownish or red- 
dUh. Streak,white. H.=4.5-5. CJ.=2,78-2.9. Composition, Ca 48.3, 
Si, 51.7. 

Pyr, &c, B. P. Fuses easily on the edges. With borax, it dis- 
solves and gives a skeleton of silica. When heated it becomes phofpho- 
rescenL With acids, it gelatinizes. Most varieties efervesoe in acids, 
owing to the presence of a little Calcite, 

It will be seen that ttiis mineral has the same form and the same 
formula as Pyroxene. " The angle of the jjrimitive form is different, how- 
ever, and its optical propei'ties are so distinct, that it cannot be legai'ded 
as isomoiphous with it, A compact variety, which is pinkish, has been 
found in Lake Superior, It is distiuguished from Tremolite by gelatinizing 
with acids. From the Zeolitic minerals arid the hydrous silicates, by the 
absence of water. From AsDeatus and the fibrous varieties of lirucite, by 



.d by Google 



il LECTURES ON MINERALOGY. 

the action of aaida. It is found in ssTeral localities in Wew York, Penn- 
sylvania and MiuhigLin. 

, FOEMtrtJi OF THE CRYSTALa. 

PI. II 
mg. 34, CO P. ccP|. coPco. Co I" 2. OP. -SPco. -Poo. 
-J-Poo. jPoD. Pgo. SPco. 2?co. -2 P. 2P. -2f2. 2?2; 
from Vesuvius. 

Pyroxeuo. 

Pybokene embraces several varieties of minerals, all having the same 
general formula K Si. Generally only bases having one atom of oxygen 
are included under this species. The relation of the oxygen of the base 
to the osygen of the acid is as 1 : 2. The bases which make up !ft are 
Ca, Hg, i'e, and rarely Sin and 2ii, which are never present in large propor- 
tions; S^a and £ have been found in some varieties, but they appear to be 
accidental, and not essential elements of its composition. Ca is the 
only base that is always found in large proportions. Besides these snb- 
etaiices, ana.1ysis has shown that the mineral sometimes contains SI. The 
presence of this substance cannot be explained according to the laws of 
multiple proportions, for it cannot exist here, except as replacing a certain 
quaDtity of the S or Si, or as a mechanical mixture. If we admit es 
some chemists do, that it is possible for 31 to replace Si, we should be 
obliged to change the equivalent of aluminium. There is no other reason 
for doing this, and it should not be done on such an unsubstantial founda- 
tion. The explanation of acertain quantity of 51 as a roisture in the Si is a 
sufScieut and a rational explanation. The species will therefore be divided 
into two general families. Those containing Si, and those which do not. 
We shall take no occount of the 31, which is rarely present and always 
ia veiy small quantities, never exceeding 13 $, and shall coHsidor it aa 
correct to adopt for the foimula of the family E Si. 

Pyroxene. E Si. Mosoclinio. 

It crystallizes as an inclined rhombic prism of 8T° 5', with the inolina- 
tion of the prism 100° 25'. This difference allows of distinguishing it 
from Amphibole, one of the angles of which is obtuse and the other very 
acute. It has four cleavages, two of which are parallel to the faces of the 
prism and are easy. The tliird, parallel to the orthopinacoid is leas easy, 
and the fourth, parallel to the clmopinacoid is difHcult In a single variety 
an ea)^y cleavage is found parallel to the base. Sometimes the iracture is 
conchoidal, but generally it is lamellar or fibrous, owing to the easy clea- 
vage. Parallel to the vertical faces, it is fibrous. The liistro is always 
viweoua when it is not decomposed. Transparent, opaque. It has every 
variety of color, from white, throagh green to block. There are also 
colorless, clear transparent green, dark green, brown and black varieties. 
Streak, while, gray, or greenish. H.=5-6, C!.=3.23-3.5. 

Pyr. &c. B. R. Fusibihty fi'om 2.5-3.75. The varieties rich in 
iron give amagnetic scoria. The reactions are very different according 
to the composition of the varieties. Usually they fuse to a glass darker 
than the specimen. They are not generally affected by acids. 
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MALACOtlTB. 

Lime-Magnesia Pyroxene. 
Stm. — Diopside, Alalito, Traversellite, Mussite, White Coccolite. 

The colorless varieties are called Slalaoolite or Diopside. Tiieii' color is 
white, yellowish, grayish-white or greea, hut the color of the crystals is 
not always uuiform. They are usually traospareat, or at least tranaluceut. 
All the images seen through the transpareut varieties are leagthened. 
The pert adbering to the rock is generally greener than the point, which 
is usually colorless. The crystalline form is usually a combination of 
the rectangular and rhombic prism, with the bemi-orlhodome, basal pina- 
coid, hemi-pyramid and clinodome, PI IIL Mgs. 7, 8, 9. The crystals 
arc generally long', having the form of a rectangular prism, which jwedom- 
inates over the rhombic prism. They are almost always striated and 
sometimes rounded. Ci,=3.2-3.38. Composition, for (Ca, SI^ Si, On 
25.8, fig 18.5, Si 55.7. 

Those sti^kdy colored varieties frequently become hacillary, having a 
very decided cleavage parallel to the base, and the crystals are often very 
much flattened ia the direction of the ortbopinaooid. In masses tlie 
cleavages and structure produce striations in every direction. The 
qleavage parallel to tlie basal pinacoid, when the crystal is very much flat- 
tened, is aliown in steps; for this reason these lamellar masses are easily 
recognized. This variety exists also in granular masses disseminated in 
limestone. In order to distinguish it from tlie Amphibole family, recourse 
must be had to the measurement of tlie angles of cleavage. From its 
form Malacolite might be confounded witli some varieties of Epidote, but 
it can be distinguished because it is regular and symmetrical, while the 
crystals of Epidote though in the same system are not so much so ; they 
are generally lengthened in the direction of the ortliodiagonaL 



-P. P. OP. Fig. 3. 
Fig. a CO P. coPco. 



LiToe'Magnesia-Iron Pyroxene. 
Sys. — Baicalite. 

e of the green varieties of Pyroxene ar 11 1 8 bi Th j e 

ediate in color between Malacolite and h d k ^ g 

aally grayish-green, deep green or blackish g It l!jr e- 

markablefor its cryst^line form, which is gen lly h mb f 

rectangular and rhombic prismS with (he basal p d dim th - 

dome, as to seem at first sight to belong to tJi th 1 rab y t lU) 
PI. III. Figs. 13, 14, 15. It sometimes has p f bis 1 1 g , 

These green varieties are often found in crystall mas,, wh h 

some crystals can be seen. The fracture of 1 m g lly 

lamellar, but sometimes granular. .C.=3.25- 4 C p f (Oa, 
■&%, t-e) Si, Oa 24.9, Hg 13.4, fe 8, Si 53.7. 
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It is found in granular maases usually of a bottle-green color, ■which 
dlows of distinguishing them from the Amphibolea, which are generally 
bluish-green. These masses are made up of grains formed of incomplete 
crystals. II is impossible at first sight, when there is neither crystal nor 
cleavage, to be able to distinguish tliem from Araphibole. If, however, a 
cleavage or an angle can be found, they can readily bo distinguished. 



PI IIL 
i%. 13. coPco. cot-cc oiP. Pco. OP. Mr/. U coPoo. 
oofco. QoP. Poo; Baicahte, Fiff. 16. The preceding, with ooP3. 

ooPa. 

HBDENHERGITE, 

Iron-Lime Pyroaxne. 
S V N. — Bolopherite. 
Certain blaob varieties are called Hedenbergite ; these crystals are 
nsually radiated around a oentre, or are rectangular and present particu- 
larly die faces of tlio rectangular prism, and have an easy cleavage parallel 
to the orthopinacoid. They generally grow larger from the centre, and 
are frequently terminated by two hemi-orthodomes. (S. =3,5-3.58, 
Composition, for (i Ca-^J fi-e) Si, i'e 27,01, Ca 22.95, Si 47 78. 



IA,me-Magnesia~Alu'miHa-Iron Pyroxene. 
Sym. — Fassaite, Pyt^om, 

The black varieties are called Augite, It is almost always a volcanic 
product. Its crystalhne form differs a little from that of tlie preceding 
varieties. They are geuorally the figures given in PI. HI. Figs. 1-6. 
Figs. 4'and 5, which have a part of the basal pinacoid remaining, are lesB 
frequent. The cleavage parallel to the clinopinacoid is very indistinct. 
The two cleavages parallel to the faoea of the rhombic prism are mueh 
easier than those parallel to the orthopinacoid, ao that the form most read- 
ily produced by cleavage is the rhombic prism. The crystals frequently 
have other smaller faces. Tbese crystals of Augite are sometimes very 
lar^. A rare variety called Fassaite is sometimes found with pyramids, 
Figs. 9, 10, n, 12. It is found in crystalline masses, or as isolated crys- 
tals in lavas, basalts and olher volcanic rocks. G,=3.25-3.5. Composi- 
tion, for (Ca, Sig, S-e) (Si. Slf), Si 44.40-51.79, Ca 14.0-24.0, Sig 8.75- 
21.11, S'e 4.24-13,02, SI 3.38-8.63. 

Pyroxene has two kinds of hemitropy, sometimes it takes place in the 
direction of a normal to the surfece of Uie orthopinacoid ; the crystal then 
appears to be entirely dissymmetric, Fig, IG. The second kind of hemi- 
tropy does not change the general form of the crystals. It is then pro- 
duced by a rotation around the noimal to the basal pinacoid. In this 
case, the irregularity is made apparent by striationa and irregularities oa 
the vertical faces. It is probably to this hemitropy, that the cleavage 
parallel to the base, which has been mentioned, is owing. In this case it 
is not a cleavage properly speaking, but a disaggregation of tlie hemitrope 
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Pi. III. 

Fig. 1, CO P. 00 P 00. oc i" CO, P ; tl'ic most usual form of Augite. 
Ji;?. 2. The preceding, with P CO. ^.3. The preceding, with -P. Mg.i. 
The preceding, witii the base OP. Mg. 5. ooP. coPco. co?oo. t 
P. i P 00. Mg. ft. The oombinatiou Ms. 1, with 2 P and 2 P co. I^g. 9. 
CO P. CO P a>. 2 P. P. OP. P CO. 2 P co ; Passaite. Fig: 10. 
CO P. CO Poo. ±2 P. ±P; Passaite and Pjrgom. Mg. 11. coP. 
2 P. 2 Poo; Fasaaite, J%. 12. The preceding, with ooPco. 3P; 
Fassaite. Mg. 16. Twin crystal ; composition-face CO Poo. 



When Pyroxene exists in large masses, it becomes a roeli and has re- 
ceived the name of Lherzolyte. It is found largely in tlie Pyrenees and 
elsewhere, resembling the compact masses of Amphibole, which are 
described under the name of Corneme or Aphanyte. It is a rock, with a 
cm ly P roxene, and which has sometimes served as a 

mi^m ystala liave been developed in the interior of 

t mass w ding cireumstances were favorable to its pro- 

d aspect, these masses do not differ much from 

t we mpact, green, blaok or dark brown, but they 

r h mm h as. From the looks of such a mass, it is gene- 

r ra ss her it is Lherzolyte or Corneine, but it is quite 

r po le mass does not sliow a crystal, or is at least 

g IS cleavages may be distinguished. 



BrK. — Bronzite. 
Diallag« has mitil recently been considered as a variety of Pyroxene. 
It has two cleavages of the rectangular prism ; it is lamellar and has a 
lustre peculiar to itself. Its color is a browmsh-green somewhat like 
bronze, and it is sometimes called from this Bronaite Some of the 
varieties are apple-green. It has a eiiangeable lustre. It is frequently 
found associated with Feldspar, with which it forms a rock called 
Euphotide. It is almost always found in small lamellse. A mmeral asso 
ciated wilh Serpentine has been called Diallage, but it belongs to the 
Serpentines. It is generally of a bronze color. 



Sys. — Paulite. 
Hyperatheae very much resembles Diall^e and is found trader like 
circumstances. It lias the two cleavages of the rectangular prism and 
sometimes that of the rhombic prism, but this is more difficult. It has a 
metallic-glistening lustre on the cleavM;e faces, and often a play of colors 
inclining to copper-red. It is always fomid in large crystals and in larger 
masses than Didlage, but the crystals are not distinct. It is frequently 
associated with Labradotite. 

Some varieties of Pyroxene have a remarkable peculiarity ; they contain 
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a certain nmouat of watec wliioh cannot be driven off except at a vei^ 
high temperature. This fact has not yet been safisfaetorily explained; it 
is probable that it is sometimes owing to the mode of fbrmatioa and some- 
times to a commencement of decomposition. If a silicate which contains 
no bases capable of a higher degree of oxidation commences to decompose 
through the influence of some interior solvent, it frequently happens that 
the soluble bases carry off with tliem a part or the silica in solution. A 
certain quantity of water may thus become fixed iu the crystal, without 
any sensible alteration in the crystalline form. This is all the more likely 
to take place if there are a certain number of eaay clearages. It is proba- 
ble that the minerals Diallage and Hyperathene were formed in this way, 
the changing lustre being probably due to the presence of water. 

It sometimes happens that Pyroxene and Amphibole, which are two 
species very nearly allied, esiat t^igether iu the same rock so that the 
characters of these massive specimens may sometimes be quite vague. 
Besides Amphibole, there are some other substances such as Epidote, 
Vesuvianite and Garnet, which are found in masses analogous to Pyroxene, 
but tlie tint of the color will generally furnish a guide for distinguishing 
them. 

Pyroxene is bottle-green; Amphibole is bluish-green; Epidote is 
pistachio-green ; Vesuvianite and Garnet are yellow iah-gree^i, but the 
blowpipe distinguishes tliem. Pyroxene and Amphibole melt easily to a 
colored glass, while Epidoto melts with difficulty to a radiated scoria, 
Vesuvianite melts with intumescence, but Garnet is only slightly iuaible 
in the dark varieties. 

Rhodonite. &a Si. Triolinic 
Sin. — Fowlerite, Bustamite, Itangankiesel, Kieselmangan, Paisbergite, 

It has the same oxygen ratio as Pyroxene. It would seem to be a 
Pyroxene la which the B is Bin, but llie crystalline system is different. 
The crystals are r^^Iy ever perfect and have as yet only been found at 
Paisberg, Sweden, PI III. SKg. 17. It has an easy cleavage, parallel to 
the prism and a less easy one parallel to the base. The fracture of the 
mass is lamellar or fibrous. The fibers are diverging or bent. It is some- 
times found in masses, having a saccharoidal, concboidal or compact frac- 
ture, which pass into tlie other varieties. When it is compact and fibrous 
at the same time, it frequently breaks up into pyramidal shapes. Lustre, 
vitreous. Transparent, opaque. Color, light brownish-red, sometamos 
greenish or yellowish. The color is quite characteristic when the mineral 
IS unaltered. When this color is not caused by the presence of manganese 
it is only produced by cobalt; hut in tlie latter case there is always a 
violet tmge which distinguishes it from the red of manganese. It fre- 
quently ^ows on the outside stains of black, brown or pale gray, owing 
to the decomposition of the silicate, which becomes an oxide, generally 
Braunite. Streak, white. When massive, it is very tough. H. =5.5-6.6, 
C!.=3.4-3.e8. OomposiUon, Bin 54.1, Si 45.9. 

PjT, &C. B. P, Blackens and fuses witli a slight intumescence at 
3.5. In the 0. E.iit becomes reddish-brown and forms Sin. and then gives 
the reactions for manganese with the different fluxes. Partially soluble 

It can only be confounded with Rhodochrosite, but it is easily distin- 



.d by Google 



LECTURES ON MINERALOGY. 27 

guished by tte actions of aoida, as Rhodonite is only slightly acted on. 
The hardness is also a sufficient characteristic, as il is much hardet'than the 
carbonate. It is found in considerable quantities in Maine, Neiv Hamp- 
shire, Mass,, and R. I. A variety containing 5^ of zinc, called Fowlerite, 
13 found at Stirling, N. J. Buatamite, from Mexico, is a Rhodonite, in 
which part of the iln is replaced by lime. It contains 9-15^ of ta. 

FORMULAE or THE ORYSTAtB. 

PL III. 

1^3. n. CO P. coF. cot CO. CO Poo. 2'F. 2,P,. OP. 

Spoduinene, (Li'+Sl) Si*. Monoclinic. 

It crystallizes as an inclined rhombic piism of 87°. It was considered 
for a long time a Lithia-Pyroxene, as its crystalliue form very n:uch re- 
sembles that of Pyroxene. Crystals are usually maded, and show a pre- 
dominance of the otthopinacoid, with the prism and one or two clino- 
prisms, Mg. 18, Oleavi^e very easy, parallel to the orthopinncoid, 
EVaclure, uneven. Lustre, pearly, vitreous on the fracture ; dull when, 
altered. Translucent, opaque. Ooior, grayish-green to greenish- white, 
slightty reddish. Streak, white. H.=6.5-T. «.=3.13-3.19. Compo- 
sition, Li, G.4, at 29.4, Si 64.2. 

Pyr. &c, B. P, Becomes white and opaque. Intumesces and 
meita at 3.5 to a wHte glass, coloring the flame red from the LI Wot 
acted on by acids. 

It is generally found in lamellar masses of a slightly greenish tint^ which 
are translucent on the ed^es Although resembling Pyroxene, it contains 
the B which would ally it to the Feldspars. This identity of fonri with 
another mineral, is an example of pteisomorphism, which Is isomorphism 
independent of the chemical composition. It resembles some minerals of 
the feldspar and Scapolite families, but its lustre, density, cleavage and 
litliia reaction distinguish it. It has been found at Norwich and Sterling, 
Mass., in very large crystals. 



cof2. P. 2P. 2P2. 



Pctalite. ((Li, Sa)'-f-il) §l'+3 8i. Monoclinic. 
Stk. — Castorite^ Kastor, 

It crystallizes as an inclined ihomhie prism of S5° 20', but crystals aro 
exceedingly rare. The usual form is shown in M III. Mg. 19. It has 
an easy cleavage parallel to the base and a less easy one parallel to an 
orthodome. Lustre, pearly on the base, elsewliere vitreous. Translucent 
in thin' plates'; opaque. Colorless, or white and gray, witli a slight green- 
ish or rosy lint These tints can almost always be seen in some jioint even' 
of the gray varieties. Streak, colorless. Fracture, splintery or imperfect- 
ly conchoidal. H.=»-6.5. 0.-2.33-2.5. Composition, Li 33, Na 1.2, 
ai 1T.8, Si 77.7. 

Pyr. &c. B. P. Heated gently, phosphoresces. Melis on the 
edges and becomes more transparent. It coloi's the flame red from lithia, 
■With borax and S. Ph„ the coloration is more intense, almost purple. It 
is not attacked by acids. 
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It is generally found in lamellar masses wliieh have four deavi^es, three 
,of wliich. are parallel to tbe same straight line and the fourth inclined to 
it ; the last is the easiest of the three. From its coinposition, it has been 
called tlie Lithia-Feldspar, It is easily distinguished Irom the other Feld- 
spars by its blowpipe characters. Its reaction for lithia allies it to Spoda- 
mene; its density is however much higher, its lastre is more vitreous and 
it is much more fusible. It is a very rare mineral, being found mostly at 
the island of Uto, in Sweden, and in Bolton, Mass. The variety eiJled 
Castorite, oomes from the island of Elba. 



PI III. 
Mff. 19. ojP. c»Pco. o3f2. ootco. -2 P os. -JPco. OP. 

Amphlbole, 

Amphiholb is tho name given to a number of minerals, which may be 
regarded as made up of at least three varieties very near one another. 
They are quite distinct in their composition and characters, but belong to 
the same species. They are generally composed of bases, which have 
only one atom of oxygen, the relation of the oxygea of the base to that 
of the acid being as 1 r 3. The formula is R Si. Some authors have ad- 
mitted tlie relation of 4 : 9. The bases represented by fi, are Sa, 6, Ca, 
i/Lg, f'e and iftn, which may replace each other in any proportion within 
the limits of the formula. It is the more or less greater projiortion of one 
or Uie other, that constitutes the different varieties. Most varieties con- 
tain alumina, but generally in small quantities, and replacing the Si; such 
varieties often contain a little Fl, and others show the presence of S, 
which has been referred to under Pyroxene. Oa is not so universally 
present as in the Pyroxenes, and in some cases may be almost entirely 
wanting. 

Amphibole. Jt Si. MoKoOLiHca 

Stk.— Hornblende, Tremolite, Grammatite, Calamite, Asbestus, 

Anthoijhyllite, Actinolite, Strahlstein, Pargasite, Smaragdite, 

Eichterite, Uralite. 

It crj'fifallize.i ns an inclined rhombic prism of 124" 30', with an inclina- 
tion of lOS" 13'. There is thus one obtuse and one very acute angle. It 
has two cleavages, which are parallel to the faces of the prism and which 
consequently have the same angles, one obtuse and the other acute. Thrae 
two cleavages are at the same time fibrous and lamellar. In some varie- 
ties they are almost exclusively fibrous; ia other varieties there is a 
cleavage parallel to the ortho-and elinopinacoids. Fracture, suteonehoi- 
dal or uneven. Lustre, vitreous or pearly on the faces of the crystal and 
cleavage faces ; silliy in the fibrous varieties. Transparent, translucent, 
opaque. The colors of Amphibole vary and present every gradation from 
colorless to black, passing through green. The black is the extreme limit 
of both tiie green and brown varieties, as may be seen by looking through 
a thin plate of the mineral Some Amphiboles have a violet color, due to the 
presence of a little manganese. Streak, white. H.=B-6.5. C.=2.9-3.4, 
It is not always easily scratched with the knife. This property, how- 
ever, is difficult of trial, as the mineral is found almost always in fibers 
which separate undei' pressure. 
Pyr. &c. B. P. Fusible more or loss easily, according to the 
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Tarietiea, giving a more or loss colored glass whieli is usually darker - than 

the specimen. With borat reicts according to the varioty. Some varie- 
ties are acted on by acida 



Lnae-Mnjne^ia Amphitole. 
Syk. — CaHm te Grammatite, Wordenskioldite, 

The white varietie'! are called Tremohte tliey contain Ca and fig. The 
Ca appears to be a nei'e sary c uatit leut for if the simple silicate of 
magnesia is crystallized with the proportion filg Si, it takes a form which 
resembles Amphibole, but which is not the general form of Tremohte. 
The crystals of Tremoiite are generally more or less distorted, and rarely 
ever terminated. The most usual forms are combinations of the piism, 
elinopinacoid.orthopinaeoidandclinodome, Pt III. Mg». 20-24. Some- 
times the prism, ortho-, ojino-and basal pmacoids and clinodome occur, 
Mg. 24 The faces of the rhombic prism are generally very bright, and 
striated in the direction of the vertical asis. The basal pinaeoids and the 
domes are generally matL Colors, white and gray. Ail the faces whioii 
are parallel to the vertical axis usually have a silky lustre. H. =5-6.5. 
H.=2.9-^.l. Composition, for (Oa, jftg) Si, Oa 12-15, Slg 34-30, Si 
57-69. 

Tremoiite generally occurs in crystalline masses, in which no termina- 
tions can be distinguislied. The arrangement is frequently in diverging 
crystals. It is usually found imbedded in masses of Calcite or Dolomite, 
when the latter decomposes, isolated crystals are frequently found in the 
sand. In some localities the Tremoiite is enveloped in a Dolomite which 
has stains, either block or brown, made by bituminous matter. This same 
material has been absorbed by, and surrolinds the crystals of Tremoiite, 
SO that they are often yellow or even black. 

The baciilary varieties are sometimes called Grammatite, when the 
crystals hecijme mere fibers, which are generally divergent ; they show the 
silky lustre and the fibrous structure, ivhich distinguishes them. The 
variety colored with manganese belongs to this species. It is almost 
always found in baciilary fibers, with a silky structure. It is quite a rare 
variety, being only found in mines of manganese, or near manganese 
minerids. The tint may become slightly greenish owing to the presence 
of a small quantity of Fe, partially transformed into Pe; for the protosalts 
of iron, which are pure, are generally colorless. 

FORMDLJB OP mS CRTSTAIS. 

PI in. 

Fig. 20. OS P. CO Pod. coI*0O. OP; usual form of Tremoiite. 
Fig. 21. CO P. ? CO. Fi(j. 22. The preceding, with oo P Co. Mff 23. 
The combination Mg. 21, with go P os and OP. Mg. 24. The preceding, 

with CO f 00. 

ACTISOLrrE. 

Lime-Magnma-Iron AmphiboU, 

SrN. — Strahlsteiu, Actinote. 

The green varieties are called Actjnolite or Actinote. They are rarely 

found in complete crystals ; when they arc the basal pinacojd without the 

clinodome is the usual form, PI. III. Fiff. 20, The feces of the rhombio 
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prism, are sharper and les3 fibrous, though the fiueture parallel to diem ia 
fibrous. It, is otten found in talcose Blat«s in long crystals, 'whicli are. rare- 
ly terminated, but which have very brilliant prismatic faces. They are 
easily recognized by their very obtuse angle. Their lustre is much bright- 
er than that of TremolLtfi and the crystals are much more perfect. 
Ci.=3-3.2. Composition, for (Oa, iffg, *e) Si, §! 55-59, Hg 9-24, Ca 9-21. 
te 3-11. 

IThey are also found in. fibers, aometimos interlaced and sometimes placed 
paralld to each other. Jt is frequently found in capillary masses, but in- 
stead of being divergent as in TremoUte they are usually more or les3 
parallel, and are sometimes interlaced. There is oflen an insensible passage 
from Tiemolite into Actinolite. 



Lime-Magnesia-Irort-Alamina Amphibole. 
Sys. — Pargasite, Basallisehe Iloriibloude. 

This variety which is called Hornblende is generally found in volcanic 
formationB, It is earfly distinguished by its color and also by its crystalline 
form, and terminations, which are quite different from any of the other 
varieties, jPi. IV. i^s. 1-6. One of these forms, ^iff. 1, appears to be 
an hexagonal prism with a rhombohedral termination and might be mis- 
taken for a crystal of Tourmaline; it is however made up of the prism, 
clinopinacoid, hemipyramid and base, A hemitropy occurs parallel to the 
orthopinacoid, Mff. 6. There is no cleavage parallel to the clinopinacoid 
in Hornblende. Parallel to the rhombic prism, the fracture ia lamellar, 
G,=3.05-3.47. Composition is variable; three varieties arc recognized 
according to the quantity of irgn contained, Ca 10-14, SIg 5-23, £1 5-15, 
te 3-29, Si 40-55. 

It is very often, found in lamellar masses, with a very brilliant cleavage 
parallel to the faces of the prism. It is less fibrous tlian the paler varie- 
ties. These masses are often composed of distinct crystals which are in- 
terlaced. The black varieties are also found in formations, which are not 
volcanic. Thus in Sweden and Korway, large, short crystals are found in 
the limestone showing faces of the hemipyramid and base. These crys- 
tals might be mistaken for Tourmaline, but are easily distinguished by the in- 
equality of tlie aisles, and the cleavage. In the same place green and 
colorless varieties are idso found, with the same forms, but the crystals are 
rarely ever distinct, their faces being generally rounded. This variety, 
which is more granular than crystallized and which is scattered through 
limestone, has been called Pai^asite from the name of the locality, Pargas, 
where it was first found. 



PL IT. 
Fig. 1. CO P. CO J" CO. P. OP; the usual and characteristic form of 
Hornblende. JV?. 2. The preceding, with 2 1" oo. Mg. 3. The pre- 
ceding, with the hemi-clinopyramid 3t 3. -Z%. 4. The preceding, with 
-P. Mg. 5. The preceding, with -3?3. i^. 6. Twin crystal, com- 
position-face CoPco; remarkable for the different terminations of tlie ex- 
tremities, one being formed by the faces of the two hemipyramids, and 
the other by tho bases. 
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Sts. — Aphany te. 
Certairt compact varieties of Ampliibole are called Oomeiiie or Aphanyte, 
Their color is blackish, greenisti, sometimes violet, but never white, with, 
an irregular, compact and sometimes granular fracture, which is often 
almost saocharoidsL It resists the hammer like horn, and hence the name 
Corneine, from comu a horn. This material has been referred to Amphi- 
bole, because its composition although, variable, resembles that of Amphi' 
bole, and because Amphibole crystallizes out of certain pans of it. It is 
probably the matrix of the Amphibole, a sort of ni^ma in which all the 
element are united very nearly as they are in Amphloole, and from, which 
the latter has been formed, when tlie circumstances were favorable for its 
production. Some of the varieties of a clear color, which are seini-trana- 
lucent with a scaJy fracture, are remarkable for their sonority. 



SvN — Amiautb, Asbest, Hyssolite, Bergleder, Bergkork. 

Certain varieties called Aabestus or Amianthus, are the products of the 
decomjwsition of Amphibole and Pyroxene. They are generally more or 
less decomposed, capillary crystals of these two minerals. It ia impossible 
at first sight to decide to which of these species Asbestus belongs ; it can 
only be distinguished by analysis, and this, on account of the partial de- 
composition, is frequeudy but a very uncertain guide. Like Pyroxene 
and Amphibole, it ia fusible. 

It is found in more or less long fine fibers without elasticity, and some- 
times closely joined together. These fibel-s have a very hii-h ^Iky lustre. 
Sometimes tiioy are knitted together in every direction, and give to the 
mass the appearance of pasteboard or leather. It is tlien called Mountain. 
Paper, Mountnin Cork, Mountain Leather or Mountain Wood, according 
as it seems to resemble one or the other of these substances. When the 
fibers are very long and fine and do not hold together, they appear like 
silk, and are galled Amianthus. These fibers may be spun into yam 
and made into a cloth which is incombustible, and undeqjoes no change 
in an ordinary fire. It sometimes occurs as fine fibers covering other 
crystals, or penetrating them and lining cavities in the rock like a sort of 
cloth. The fibers ate then usually short and fine, like silk. It is frequent- 
ly found penetrating crystals of Quartz and Pyroxene. In the latter case 
the fibers are usually in the direction of the length of the crystals, which 
however, does not necessitate that the composition should be any more 
Pyroxene than Amphibole. Asbestus sometimes undergoes a partial de- 
composition, with fixation of a certain quantity of water as in Hyper- 
stheno and Diallage. Some of the so-calied Asbestus is the variety of 
Serpentine called Chrysotil. 

The two species, Amphibole and Pyroxene, are very much alike, and 
generally difficult to distinguish. If the material k massive and has no 
crystalline structure, tiiere is no possible way of distinguishing them, for 
such masses have very rarely any delinite chemical composition. Distinct 
crystals can easily be distinguislied, since their forms are not tiie same. 
If tiie mass is granular, or only imperfectiy crystallized, there ia but one 
method of distinction possible, which ia the measurement of the cleavage 
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and angles. It 13 quite easy to d st gu 5 the angl s of sleavage of 
Amphibole, since one of them h acute and tl oU e obtuse, one being 
124° and the other 56°. In Py o\e e tl e a lea of the leavage paralld 
to the prism are 87° and 93°. The t o an 1 b t eea tl e prism and the 
ottho- and ciinopinaooids, whioh a e 133 and 47 a e ea ily confounded 
without measurement with the aogJea of the prism of Amphibole. The 
different appearance, however, of the faces will frequently allow of dis- 
tinguisliii^ thera. As thej^ are not of the same order, they have different 
lustres. lu the white varieties Pyroxene may be distinguished by its 
cleavage parallel to Ihe base, which docs not exist in Amphibole, when 
the two varieties are found as Asbestus, it will be impossible to distinguish 
them, unless the analysis shows a difference in composition. Amphibole 
is found extensively in the U. S. 

Beryl Group, 

Beryl. (jBe'+J Si) Si'. Hesaoonai,, 

Syn. — Emerald, Aquamarine, Smaragd. 

It crystallizes as an hexagonal prism, with a cleavage parallel to the base. 
Traces have been also said to have been foimd parallel to the faces of the 

Sirism, It is however almost impossible to determine them. It is always 
ijund in crystals or crystalline masses. Its usual.form is the hexagonal 
prism and base, which combination may occur alone. Combinations of 
the prism and base witli pyramids of tlie first and second orders, are found 
alone, as in PI. IV, Ji%», 8 and 9, and together, Ftg. 10, or with several 
pyramids of the same order, J^s, 11 and 12.' The di-hex(^nal 
pyramid and the prism of the second order are sometimes found, J%s. 12 
and 7, The bright, emerald-green varieties are called Emerald; those 
which are not highly colored are known as Beryl or Aquamarine. These 
crystals may be quite lai^e. They are usually more or less distorted and 
are often cylindrical. In the cross section, however, the hexagonal ibnn 
can be distinctly seen, outside of which there appears to be a kind ol 
coatint made up of diverging fibers, which are generally more opaque 
than the crystal There is oKeu a great difference in the color. Crystals 
sometimes occur in sections joined together with Quartz, Fig. 13, In 
Siberia it has been found as flbers fastened together, forming large hexag- 
onal crystals. These varieties often have a variation in the color, some- 
times parallel to the flbers, and sometimes in beds perpendicular to thera. 
Frequently one of the extremities of the crystal is green, while tiie other 
is yellow. Fracture, eonchoidal, uneven. Lustre, vitreous or resinous; 
the opaque varieties, however, have no lustre. Transparent, translucent, 
opaque. The colors of Beryl are very variable; they are green, blue, 
yellow or colorless. A red variety is sometimes found, which is pro- 
bably owing to a mechanical mixture of Iron, Streak, white. Brittle. 
II.=7.5-8, «i.=2.G3-2.76. Composition, Be 14:1, SI 19.1, Si 6(1.8. 
The relation of tlie H to Si is as 1 :2. It sometimes contains Pc; 
Sr is found also, but very rarely. The color of the Emerald may some- 
times be owmg to chromium. 

Pyr. Ac, B. P. At a hifjh temperafure, the edges become rounded. 
Fuses at 5,5, The colored varieties become ivhite when heated, and lose 
some thousandths of their weight, which would seem to indicate, that their 
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color is due to organic matter. With borax, a, slightly green bead is 
obtained. Not acted on by acids. 

The earthy yarieties are usually found in large columnar crystals, which 
may be hexagonal or oylindricaL The color or these masses is rarely 
aniform. Some parts are whitish or yellowish, while others are greenish 
and translucent. These varieties are usually striated parallel to the prism 
and frequently show indications of cleavage parallel to the base. It is 
sometimes found passing into porcelain clay. The cause of this decompo- 
ation is not known. On account of its hexagonal form, Beryl might be 
confounded with Apatite or Tourmaline. It is, however, much harder. 
It might resemble Topaz and Euclase, but is distinguished by its imperfect 
cleav^e. In earthy or atony varieties, it cannot be confounded with 
anythmg, on account of its hexagonal form and cleavage. It might 
possibly at times be confounded with some of the earthy varieties of 
Topaz, but it is distinguished by its density; the density of Topaz is 3.5, 
while that of Beryl ia 2.6. The rolled crystals of the colorless or slightly 
colored varieties might easily be mistakea for Quarta, but can be distin- 
tinguished by the cleav^e and fracture. On the island of Elba, crystals 
of Beryl are found, which are perfectly colorless, and which are sometimes 
cut to imitate Diamond. Such Etones have much less iire than the 
Diamond and their lustre is not adamantine ; it is simply vitreous. The 
green and limpid varieties are much sought after by jewelers. They do 
not have much, if any, fire, but their color gives them value, ifost of the 
Emeralds come from Maso in Hew Granada. Tery large Beryls have been, 
found in the U. S. One from arafton, N. H., weighed 2,900 lbs. and; 
anodier weighed 1,076 lbs. 



m. IV. 

Fig. 7.. OoP. coP2. OP; very frequent, the oscillatory combina- 
tions often causing vertical striations. Mg. 8. Co P. P. P. I^. 9- 
CO P. 2P2. OP. Mg. 10. The combination Jf5^. 8, with 2 P 2. i^, IL 
The preceding, with 2P. Mg. 12, The preceding, with 3Pf. 
Mg. 13. Crystal, consisting of displaced sections joined together by 
Quartz. 

11. TJnisiiicates. 
Chrysolite Group. 
Cliry solite. (Kg, ^e)' Si. Orthorhombio. 
Syn.— Olivine, Peridot, Glickito. 
It crystslhzes as a right rhombic prism of 94' 2', and has a cleavage 
parallel to the brachypinaooid. The usual forms are combinations of me- 
rhombic and rectangular prisms, the macro- and brachydomes and octahe- 
dron, with or without the base, PI. IV. liga. 14-18. Fracture, con- 
choidal Lustre, vitreous and generally feeble, but much more pronounced' 
on the fracture. Transparent, translucent, opaque. The colors are very 
different, but are generally various shades of green. There are some 
varieties, which are yellowish-green, almost colorless; they usually contain 
ISlg. Others are green, with a slight tint of yellow; otbers again are- 
almost black. Some crystals have undergone iteration,, which may be 
greater or less. They are then red or iridescent, Straa^ eoladuss or 
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yellowish. H.=0-7. «. = 3.33-3.5. Compositioo, SLg 60.28, f e 9.30. 
Bi 40.75. The relation of the oxygen of tho base to that of tlie silica ia 
aa 1 : 1. The formula is therefore fi" Si. 

Pyp. &C, B, P. The clear varieties whiten, but are infusible, 
The dark varieties rich in iron, fuse with difHoulty to a magnetic globule. 
Gelatinises iu HCl and 3, ' 

It is rarely found, lllie Pyroxene and Amphibole, containing SI The 
bases which it contains are Idg, Pe, iiu and rarely Ca and Si, It is here 
to beremarked that 2n, which ia usually isomorphoua willi fig, is dis- 
tinetJy separated from it in its eilieate. There is a silicate having tho 
fbrmula Zn' Si, called Willemite, but it crystailizea in the hexagonal 
Hystem. Its density varies; in the dark varieties, especially in those 
which cryaUtllize in the iron scorias (Fayalite), the density may be as 
high aa 4.2. Its hardness is also very variable, the clear varieties being 
the hardest. - It is fonnd usually as little crystals in fiie rocks of volcanic 
or igneous origin and in those thrown out of modem volcanoes. Quite 
large crystals are found in Ceylon. They are, however, generally rolled 
ond it ia quite difficult to detect thdr form. It is also found well crya- 
tiJIized Jc the cavities of Meteorites and la the scorias of iron forges. It 
is also found in granular masses, which contain cavities filled with 
crystals. These masses are sometimes whitish, but generally they are 
pale yellowish-green. The color may vary from one grain to anofher and 
the same grain may be in different parts, green, yellow and black. The 
lustre is quite bright. Such masses are generally made up of a collection 
of not very distinct crystals, which are sometimes lat^e. They are usually 
found in pockets in volcanic rocks, such as Basalts and Trachytes. These 
grains njijfht be confounded wilii the grains of Pyroxene, but they are 
usually of a clearer color, which is generally yellowish or yellowish- 
green. They may also be distin^ished by their infusibiliiy, and by 
gelatinizing with acids. It is especially in these granular masses, that the 
red color is found. This is produced by a commencement of decompo- 
sition, which is accompanied by a partial solution of the tig and dt, the 
ftsation of S and tlie peroxidation of the S'e, This kind of Chrysolite 
■forms ft peculiar rock. Associated with Augite, it forms Hyalosiderito ; 
in this rock the Augite is iu distinct crystals, recogpizable by tlieir form 
and color, which are implanted in the red granular Chrysolite. Ciystals of 
Chrysolite which have undei^ono such a decomposition aa to be irides- 
;cent are frequently fonnd in the midst of these crystals. Itbas been found 
■associated with other minerals in Pciinsylvama, Virginia and N. Carolina. 



PI IV. • 

%. U. coPco. 00 P. CO Poo. P. Po3. OP. I^ff. 15. Tho 

preceding, with 2 P CO. ^g. 16. The combination Mg. 14, with 2 1 oo 

and f ca Fig. 17. Co P. CO F 2. CD P oo. 2 f Co. P. P oo. Mg. 

18. t» P, 00 P w. CO P oo. P. P OS. 2 P 2. 2 P CO, P oo. OP. 

Phenaeite Group. 

'Willemltc. 2n' Si. Hezagoxal. 

Syk. — Troostite. 

(t crystallizes as a rhombohedron of 113° 1', with an eaay cleav^e 

■parcel to the base, and another in the American varieties parallel to Se 
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priam. The crystals are U'sually srt\%\\ very brilliant and distinct. They 
rarely show tlic hexagonal pyramid, although two rhombuhedra sometiinea 
occur, PI IV Tig 19 They iie uiuilly termmated by tho rhombo- 
bedron. They aia usually found in cavities m the compact varieties of 
Cakniine and Smittsonite sometimes m Hematite and Limonite ; rarely 
they are associated with ores of lead Wheu found with iron tliey are 
usually colored red, yellow or brown Fracture, conchoidal. Lustre, 
Titreous, resinous or dull Transparent translucent, opaque. Color, 
white, greeniflh-yellon , gieen, black, red or dark brown when impure. 
St3:eak, colorless Bnttk ll.=5 5 0.=3 89 418 Composition, 
Za 73.9, 31 27 1 

Pi'P, IScc, B. P. Fuses with gre^t di£6.culty to a wMte enamel. 
With soda in the R. F., it is reduced with difficulty and gives zinc, which 
is volatilized, burned, and deposits itself as a ring, yellow while hot, and 
white when cold. Gelatinizes with acids. 

In N. J. a variety called Troostito has been found in large crystals, 
which have the same form as that described. They are rarely translu- 
cent, and Bometimea have the appearance of baying been melted: They 
occur associated with Franklinite. The outside of tKese crystals is brown- 
ish or reddish. In limestone they are usually of a flesh color. It is 
easily distinguished from the minerals which it resembles by its hardness, 
fusibility and action with acids. It is fouad in the IT. 8. at Franklin and 
Stirling, N. J. 

FOUUnLfi OF TKB CHYSTAL8. 

PI lY. 

Mg. 19. coP2. R. -J E; often without -iR 

Plicnacito. Se' Si, Hexagonal. 
Stm. — Phenakit. 

It ciystallizes in the hexagonal system, having generally a rhombohe- 
dral termination, PI. IV. Pig. 20, Its crystalline forms are very similar 
to those of Beryl. It has however no clcav^e and its lustre is vitreous. 
The crystals are usually transparent, but sometimes translucent or opaque. 
Color, white, yellowish and brownish. Streak, colorless. H,=7.5-8. 
«.=2.96-3. Composition, Be 4S.8, Si 642, 

Pyr. &e. B. P. Infusible. ■ Gives a blue color with cobalt solu- 
tion. Not attacked by acids. 

It is difficult to distinguish it from Beryl, with which it was for a veiy 
long time confounded. The base rarely occurs in Phenacite, while it is 
very usual id BeryL It might be mistaken for Quartz, but its terminations 
are much lower. It is found under the same circumstances as Quarts and 
Beryl. 



Garnet Group. 

Cianiet. (fi")' Si'+B" Si'. Isometric. 

Syn, — Gcanat, Grenat. 

Garnet is generally found crystallized. The usual forms are the rhombic 

dodecahedron and the tetragonal trisoeiahedron, PI IV. Figs. 21 and 

22. It is quite frequent to find the Combination of these two forms, Fig. 24, 
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but it is usually the rhombic dodecahedron which predominates. It 
has a clenT^e, that is sometimes distinct, parallel to the rhombic dodeca- 
hedron. Crjrstala ai'e very often distorted aa shown in PI. T. Mga. 2-5. 
Fracture, conchoidal or uneven. Transparent, translucent. Opaque. Color, 
red, brown, yellow, white, green or black. Streak, white. H., = 6,5-7.5. 
0,= 3. 15-4.31. Composition vwies with the varieties. . Its composition 
is exactly the same as that of Vesuvianite, a silicate which crystallizes in 
a diiTerent system. These two substances thus present a remarkable ex- 
ample of dimorphism. It it probable, that the latter is owin^ to the pre- 
sence of water, which perhaps plays the part of B in Vesuvianite, while 
&arnet never contains any. 

Pyr. &C, n. P. Most varieties fuse to a light brown or black 
glass and often become magnetic in the K. F., owing to the presence of 
iron. The dark red varieties are easily fusible to a magnetic scoria, as 
they contaia more iron. The clear varieties are more or less easily 
attacked by acids, A green variety contains 8r; it is infusible, insoluble 
and very rare. 

Its hardness is very variable. The pale varieties Bcrntch Quarts with 
difficulty, while the slightly-colored varieties have almost an equal hard- 
ness, and the black varieties are scratched by it. Those naving a 
color between clear and dark red are more easily attacked, when Ihey 
have been melted. 

PYBOPE. 

Magnma-Alumina Garnet 
Syh.— Bohomiaa Garnet, Bohmischer Granat, 
Pyrope, or Bohemian Garnet, is the one from which carbuncles are cut. 
Its color is red. Transparent or entirely opaque. Sometimes tliey have 
a violet tinge, owing to the presence of a little manganese, ©.=3,7-3.76. 
Composition, for (i(%, Ca, iS'e, ^nf + i SI)' Si', Sig 13.43, SI 22.47. 
Ca 6.53, S-e 9.29, ittn 6,27, Si 42.45, 

aaosauLABiTE. 
Lime-Alumina Qarnet. 
Sys. — Essonite, Cmnamon Stone, Grossular, Kaneelstein, Grossulaire, 
Color, white, pale green, yellow, brown, but rarely green. <b.=3.4-3.7. 
CompobiUon, for (i Ca' i »1>' Si", Ca 37.2, Si 22.7, Si 40.1. is is some- 
times presput, replacing the Ca. This variety i^ usually transparent. 



Iron-Alumina Garnet. 

Syn. — Almandine, Edler Granat 

This variety is the oriental Garnet When the color is a fine deep red, 

it is used as an ornament. It may also be brownish-red and translucent 

Composition, for (i i'e'-i-i »1)" Si', te 43.3, 51 20.6, Si 36,1. It is often 

opaque, and is one of the varieties most frequently found. 
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Manganese-Ahimina Garnet. 

S YS. — Spessartin e. 

Color, dark hyaciiith-i-ed, violet, or hrownish-red. G.=3, 7-4.4, 



Lme-Tron Garnet. 
SrN. — Allochroite, Melatiite, Aplome, Colophon ite, TopaKolite, Kalkgcanat, 
Grenat resinite, Rothkoffite, Poljadelphite. 
Color, topsiz or greenish- yoUow, apple-green, brownish-rod, yellow, 
grayish, dark green, brovfn, black. This includes the varieties, Topazolite 
from i(e resemblance to Topaz in color, Colophonite, which is granular, 
iridescent and reainou?, Melanite or black Garnet Melanite is sometimes 
of Tolcanic origin. Some variedea contain Ti. C=3.64-4. Some of 
these varieties nave part of the ^e replaced by -Sin. Such are the varieties 
called Rothofflte, Poljadelphite and Aploma 

OnVAROVITE. 

Lime-ChT<nmum, GaTnef, 
Sin. — TJ waro wit. 

Color, emerald-green. H.=7.5 0.=34I 3.52. Tnfiisible. Insome 
variefies part of Uie Sr is replaced by iL Composition, (i Ca'-i-J- Sr)' Si', 
It is a very rare variety, found onlj in the Uials in fine crystals. The 
crystals from Canada are very small 

Garnet lias sometimes a peculiar relation to its gangues. It is often 
found in schists or in schistose and micaceoni formations. In these cases 
it appears soldered to the ma*!!, the latter being bent around the ciystals, 
which are usually isolated. The rocks present the appea.rance then of 
being covered with tubercles, which are sometimes very lai^e. On 
breaking tliem, tile mass is usually found to be composed only of a thin 
crust of Garnet, which has the form of a rhombic dodecahedron. The 
interior ia composed of tlie same substance thi^ envelops it, either 
schist or Mica. We shall have occasion to refer to this property again, 
under Andalusite and Leucite. It is &\mi found in lar^e granular masses, 
formed of uncryslallized grains of a variable color, which are often irides- 
cent^ The natural faces of these grains have a lustre, which is in no way 
remarkable, but their fracture has a resinous lustre, which is quite easy to 
distinguish. Their usual color is red, inclining to browD, It is also found 
in lar^ masses having a resinous lustre, which appear to be almost com- 
pact. It also occurs m irregular grains, associated with Calcite. These 
grdns may pass insensibly into crystiils, whioli become scattered through 
Qie limestone. They usually have a resinous lustre, and are frequently 
iridescent They are called Colophonite, and are found particularly at 
Willsborough, N. T. These granular mapses can be easily broken up 
with the lingers. They might be confnunded with Vesuvianite, as Ibeir 
colors are about the same; their lustre will however distinguish them. It 
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is so t m f d ph m 1 1 are generally fragments 

of la g ry t 1 Th ma. Uy ry much Assured, with 

trac f 1 ) Ulthhbdd oahedron ; tlieir lustre 

■will t d t lah th m Tl t p t varieties are m\ich used 

for o m t 1 p p Tl r" t e sometimes pulverized 

and used as a .ubstitute for emery. In some ca,e>, when it has been found 
abundantly, it has been used as a flus. It is a very common mineral, and 
is abundantly found in the TJ. 8. 

FOUUULa: OF THE CRYSTAIS. 

PI. IV. 

Fig. 21. CoO; Characteristic nnd most frequent form. Ftg. 22. 
2 02. i^. 23. 3 Of Fig. 24. 2 2. 03 0. Fig. 25. coO. 
30f. PLY. Fig. 1. caO. 2 2. 30f. Mg.2. co ; lengthened 
diagonally. Fig. 3. CoO; lengthenefl vertically. Mg. 4. CoO. 202; 
distorted and only having four planes of the dodecahedron. Mg. 5. 
oo ; flattened diagonally. 

VesuviardU Group. 

SEIrcon. Zt Si. Tetragonal. 

8yh.— Hyacinth, Jacinth, Jargon. 

Zircon is always crystallized. Its usual form is composed of the two 
prisms and octahedron, combined sometimes with the dlootsihedron, 
PI. V. Figs. 6-lG. All of these forms with several different octahedra on 
the same crystal are sometimes found, Mg. 12. It has two quite difficult 
cleavages, one parallel to the faces of the prism, and the other parallel to 
the faces of the octahedron. When the crystals are partially decomposed 
these cleavages become easier. Its fracture is conchoidal and brilliant; 
Its lustre is wiaraantine, inclined to be resinous. It may even be entirely 
dull. Transparent, translucent, opaque. Color, colorless, pale yellow, 
brownish ydlow, yellowish -green, reddish -brown, gray or blue. In the 
crystalline rocks there is frequently found a brown variety, which shows 
the prism with the principal octahedron and others, in which the prism ia 
no longer present^ but three octahedra, one above the other, at different 
angles, F>^. 13. The varieties found m the volcanic rocks may be white, 
brown, or red. These are called by the jewelers Hyacinths (to be dis- 
tingaished from the Q-arnet also called Hyacinth), Jacinths and Jargons. 
These generally have the prism of the second order with tlie principal 
octahedron of the first order, Fig, 7. The prism is sometimes reduced so 
as to become rhombic in shape; the crystal tlien resembles a rhombic 
dodecahedron, but it can be distinguished from It both by the angles and 
the Etriationa parallel to the base. Streidt, colorless, U.=7,5. G.=4.05- 
4.75. Composition, 2r 67, Si 33. It sometimes contains 1-2^ of Pe, 
which perhaps replaces the Zr. It scratches Quarts, but the partially de- 
composed vaneties have the same hardness as Quartz. 

JI^T. dec. B. P. It is infusible. The red varieties lose their color 
without losing their tran^arency, and the dark colored varieties become 
white. It is possible, therefore, that the color is due to organic matter. 
It is not aitted upon by acidSj but is decomposed by fusion with alkaline 
carbonates. 
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It is frequently found as crystals disseminated in some of the older 
rocks. It is also found as little crystala disseminated in the roclca and 
ganda of modern volcanoes, psH-ticiJarly of Mt. Somma, where it is fre- 
quently aocompnnied by Nephelite and the vitreous variety of Feldspar. 
It is also found in the beds of streams in volcanic countries as rolled 
crystals, having been detached from the rock by the aclion of water. 
The red varieties might be mistaken for the niby Spinel or Garnet, Ita 
form and hardness will distinguish it from either. It is found abundantly 
in New Tork, New Jersey, Pennsylvania, and N. Carolina. 

FOBMUL* OF THE OnYSTALS. 

PI V. 

Mg. 6. so P. P ; most frequent form, P sometimes predoniinating. 
Mg. 7. CO P CO. P ; usual form of the Hyacinth. Mg. 8. oo P. 
CoPco, P. Fig. 9. CO Poo. CO P. P. Fig. 10. The combinatioa 
i%. 6, with 3 P 3. Fig. II. The combination Fig. S, witli 3 P and 
3P3. Mg. 12. P. 2P. 3P. 03P. 3P3. coPoo; from Miask. 
FHg. 13, OS Pod. P. 2 P. 8 P. coP. Mg. U. The combination, 
J»g. 7, with 3 P 3. Fig. 15. P co. 3P3. P. Fig. 16. oo P. 
CoPOD. P. Po5. 3P3. 4P4. 5P5; fromthe Saualpe. 
VesuTlanltc. (|(0a, ^g, fey+j (5i, Pe))' Si". Tkihagohal. 
Syn.— Idocrase, Vesuvian, Egeran, Wiluite, Cyprine. 

It crystallizes as a square prism, vi"ith traces of cleavEgeparallel to the 
prisms of the two orders and the base. The simple forms of vesuvianite are 
the prism of the first order, with traces of the second, the octahedron of 
the first order and the base, PI T. ^s. 17, 13. Complete, octahedre 
are very rare. They often show the octagonal prism, Fig. 19. The dioc- 
tahedron is frequently found, FL VI. Figs. 1, 2 ; and also as many as 
five dioctahedra of dififerent orders. The number of prismatic faces 
becomes so great at times, as to make the crystal Jippear almost round. 
They almost always shov^ the octahedron of the first order. Tery often 
the crystal is made up of a number of single crystals juxtaposed, 60 that 
they are striated in the direction of the prism. The laces of the octahe- 
dron are without lustre, but those of the base are brilliant. The crystals 
frequently become very complex ; as many as 130 faces have been counted 
on a single crystal, Pi VI, Fig. 3, Itsfraoture issmoolhandconchoidal, 
but sometimes uneven, and the edges of the scales are sharp. The lustre 
of the fracture is bright. On Ihc natural faces it is unequal and varies 
with the faces. The lustre of the base is the brightest, and is even hke a 
mirror. Generally it is vitreous or resinous. Translucent, opaque. 
Colors, green, reddish-brown and yellow, which latter color is always of a 
peculiar lint; sometimes it is pale blue. The varieties which are colored 
brown with Pe, do not show diehroism; the other varieties usually do. 
Perpendicular to the base, they are brownish-green ; paralle) to the base, 
bottle-gieen. Btreat, white. H.=6.S, Cf.= 3.49-3.45. Composition. 
Ca 27-38j Hg O-IO, Fe O-ltl, £1 10-26, Si 35-39. In all the varieties ol 
Vesuvianite, whether altered or not, the analysis shows a small quantity 
of water varying from 1-2 jS. Magnus has shown that this water is per- 
fectly pure. It IS evidently In 1be mineral in a state of combination, for 
it does not separntCj except at a very high temperature, about ibet of the 
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fusion of silTer, but it ia not linown in what couditioQ it is. It ia possible 
that it p!ays the part of a base and replaces some one of the K. 

Pyr. &c, B. P. Fuses at 3, with hi tumescence, to a more or less 
coloied globule. It is only partially attacked by acids, except when it 
has been fused. This is true of a large number of siliuaCeS, and to a certain 
extent of Si itself. 

Soma varieties of Vesuvianite are bacillary and very much resemble 
Epidot«, but tliey can always be distir^uiahed because the bases of the 
baguettes in Epidote are curved, white in Vesuvianite they are plane and 
brilliant. It is also found in granular masses, made up of grains of unequal 
size interlaced. They might be confounded with the granular varieties of 
Chrysolite and Pyroxene. The blowpipe distinguishes it from Chrysolite, 
which is infusible, while Vesuvianite is fusible. For Pyroxene and 
Epidote tlie distinguishing marks are vague, and drawn from the distinc- 
tion of colors. Pyroxene is dark bottle-green and Vesuvianite inclines 
more to yellow ; Epidote is more of a pistachio-green color. Its colors 
TaB.j be brown, or reddish also, and it then becomes difficult to distinguish 
it from Garnet-. A test must then be made to determine the presence or 
absence of water, whicU is found in Vesuvianite, but not in Garnet. 
Teaavianile in mass is always diffleult to determine in a single specimen. 
When the rook is found in place, however, its determination becomes 
easy, because tliere is always some part which is sufficiently well crystal- 
lized to distinguish the form. When it is in small indistinct crystals it 
resembles Garnet, but it can always be distinguished because ib has square 
or rectangular faces which very rarely occur in the latter, the faces of 
which, are almost always triangular or rhombic. A blue variety of Vesuv- 
ianite containing copper is called Cyprine ; it is found associated with a 
rose-colored Epidoto. It is bacillary and lamellar, and is one of the 
mineratogical curiosities. In this country Vesuvianite has been found 
in Maine, Massachusetts, New York, Hew Jersey, and elsewhere. 



PI. V. 

J%. IT. 03P. CcPco. P. OP; form of Wiluite. Fig. IS. The 
precediug, with P co. mg. 19. ooPco. coP. coP2. P. OP. 
PtVI. Fig.l. coPco. MP. oiPS. P. Poo. OP. 3P. 3P3. 
Fig. 2. CoP. OoPoo. coP2. ccPS. OP. P. 3P. Pen. 
2P03. |P3. 3P3. 4P2. Fig.Z. ooP. coPco. ooP2. .ooPS. 
OP. P. 2P. 3P. Pod. |P3. 2P2. 4P2. 3P3. 6 P 5. F^. ^ 
00 P. COPco. OP. P. 3 P. Poo. 3P3; from the TyroL 
S^. 5. coP. ooPco. coP2. OP. J-P. iP. Fig. 6. ooP. 
coP CO. 3 P. P ; from the Urals. 

Epidote Group, 
Epidote. ii Oa*+J {Pe, SI))' gi*. Mosoclikio. 
Stn. — Pistaoite, Zoisite, Piedmontito, Thulite, Bucklandite pt 
It crystallizes as an inclined rhombic prism, with an easy cleavage paral- 
lel to the b.Tse, and also one parallel to tlie orthopinacoid, which gives 
it a fracture that is lamellar m one direction and sometimea fibrous. 
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Owing to the estension of the ortho- and clinopinacoids, tlio ocystais are 
usually rectangular. The usual forms are shown in PI VL Figs. 7-11. 
They are often rounded, owing to the presence of a number of hemi- 
orttodomes, Fig. 9. Twins formed by a hemitropy parallel to the ortho- 
pinacoid often, occur, and are easily recognized by tbe reentrant angle on 
the base. Sometimes, however, the base predominates, and then 
there is only a line in the place of the reentrant angle, the striations will 
serve to place the crystal Fracture, uneven, Lustie, i itreous, but variable 
on tlie different faces, sometimes pearly or resinoui Tianaparent, translu- 
cent, opaque. Color, pistachio -green, yellowish or hrownish-greeo, black 
or greenidi-black, Cray, greenish-white; sometimes Molet and sometimes 
clear red. Generally Epidote is of a more orless dark green color, ususJly 
of a peculiar pistachio-green slightly yellowish. Some yellowi'.h varieties 
are dichroic. They are reddish- yellow in one directicn and gieenish- 
yellow in the other. There are white varieties, but there is some doubt 
whether they are really Epidote. There are also Molet varieties colored 
by manganese. H.:^e-7. G.=3.25-3.5. Composition Ca 16-30, U 
14-28, Pe 7-17, Si 36-57. The formula whicK has been giien refers to 
the varieties which are'distjactly crystallized. When it has begun to de- 
compose it often contains a oertwn proportioa of water 

ryr. &.C. B, P. Fuses at 3-3.5, with intumescence, to a radia 
ted scoria, which is often magnetic It is difficult of tusion, however, ei 
pecially in the dear varieties. With borax, it melts more easilj, gnmg 
gener^ly a dark green bead and the reactions for iron Mingineae i arie- 
ties react for Mn. Partially soluble in acids. When ignited gelatinizes 
with acids. ' 

It might at first »ght be confounded with Pyroxene, as it has a similar 
form ; but the type is different as it is generally lengthened m the direc 
lion of the orthodii^onal, while the crystals of Pyrovene aie lengtheped 
parallel to the faces of the prism. It is sometimes difficult to place the 
prism, but there is always such a want of symmetry m the crystals of 
Epidote as readily to distinguisli it from Pyroxene Instead of the laces 
of the orthodome, it may have a series of hemipyramida, whiL.h do not 
exist in Pyroxene and which make the want of symmetry perfectly cm 
dent It is frequently found in bacillary masses, which may also be dis 
tinguished from Pyroxene by their form. The baguettes of Epidote seem 
to be made up of a large number of faces, so that they generally appear 
curved. The striations parallel to the intersection of the faces of the 
crystal may be easily seen and are all the more remarkable, as the crystals 
are often hemitrope parallel to the orthopiuacoid, Frequently the bacil- 
lary masses are not terminated. It is then more difficult to determine 
them and to distinguish them from Pyroxene, but this last mineral has a 
number of cleavages, while Epidote has but two. However, with a little 
practice, the distinction can be easily made with the shades of color, the 
green of Pyroxene being generally bottle-green, while that of Epidote is 
mora yellow. Epidote is also found in granular masses^ having a granular 
fracture with veiy line grains, when it can be easily distinguished by its 

The violet variety of Epidote called Piedmontite is only found in 
mines of manganese associated with other minerals of this metal, and 
more especially with Braunite. Its ordinary gangue is Quartz. It is 
almost always in bacillary masses, showing some distinct crystals which 
are rarely terminated. lis peculiar color is generally sufficient to distin- 
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guiah it,-. which is a very dark violet, indiniag towards brown. When the 
manganese is io smaller proportion it is paler, but it is always violet. A 
special epeeies is often made of the white variety of Epidote, which is 
called Zoiate. It is probably not the same substance as Epidote, As 
complete crystals of this substance are especially rare, it has beea very 
little studied. It is generully found in lai^e bacillary masses in quartzose 
gaiigues. It somewliat rMembles Amphibole, Pyroxene and white 
Cyaaita It is distinguished, however, because it. has but one cleavage, 
which is in the direction of the length and because it is lamellar, while 
Amphibole has two easy cleavages and Pyroxene four in the direction oi 
ita length and one across. Cyanlte has one very easy cleavage in length, 
and one dif&cult across, but quite distinct. Its association with Quartz is 
also characteristic. 

A rose variety called Thulite, is found associated with Cyprine : it is 
very rare. It is not known to what the rose color is owing. It is always 
crystallized or crystalline. Its color might cause it to be confounded with 
some of the cobalt minerals, but its hardness will distinguish it 

Large crystals of Epidote, which are generally hemitropes parallel to 
the vertical axis, have been found at "Warren and Franconl^ N. H. 
Crystals are found at Haddam, Conn j it is found in aoicular masses, or 
massive, in New Tork, Hew Jersey, Pennsylvania and Lake Superior, 



PlYL. 
Fig 7. OP. coPco. Pco, P: from the Urals. Mg. 8. coPco. 
Poo. -Pec. c»P. Pc». J?^. 9. OP. ooPoo. -Pco. 2 Poo. 
P 00. CO P. P. P 03. Mg. 10. CO P. P. P(X>; this combination is 
remarkable for not being lengthened in the direction of the ortliodiagonal. 
It was formerly called Bucklandite. Fi^. 11. Twin crystal; composi- 
tion-face CO P 00. 

lolile Group, 
lolltc. 2 (lilg, i'e) Si-i-Sl'Si'. Okthorhombio. 



It ta 9° lO", It in therefore 

one o m rm h resemble those of the 

hexag ims. which show the 

braoh co ng al in form, PI. TI, 

Mg. S m m, m both pinacoids give it 

the a ^3, li. Sometimes the 

pseud ag y ogelher. As many as 

three g ff es have been found on 

the s \ £k ed brachydome have the 

same a£ cas ese limit forms, it is at 

first _ ta m an hexagonal pyramid. 

It ha^ 11 1 d, and another which 

appe B as leavage may be owing 

to sh lei to the base. The 

ftaoturt IS unequal, sometimes lamellar in appearance, owing probably to 
the pseudo-cleavage parallel to the base. The lustre is not very bright on 
ike natural faces, but on the fracture it ia vitreous, inclining to resinous. 
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Color, Tiirious shades of blue. The large crystiils appear black, or 
almost black, on their natural faces. The fracture is blue, with greenish 
reflections, but the color h not usually uniform through the entire mass. 
In out atones the color appears to be dark blue perpendiaular to the base; 
in a direction pecpeadicular to tliia, it is a fallow-brown. In the other 
direction perpendicular to both, it appears to bo brown, passing to green. 
From its having two colors it is otlert called Dichroite, but as it shows 
trichroism it should hare been called Trichroite. Streak, colorless. 
H.=r-r.5. «.=2.56-2.67. Oomposition, Sg 8.8, is 7.9, ftl 33.9, 
Si m.i. 

I*yr. &C, B. P. Loses its transparency, and fuses at 5-5.5. 
Partially decomposed by acids. 

It is found in crystdline masses, which may sometimes be quite large. 
These ere generally formed by the union of a large number of crystals. 
Ou, account of its crystalline form, which appears to be an hexagonal prism 
terminated by an hesagonnl pyramid, it might be someLimes confounded 
with Quartz, as it has about the same hardne^ but a little attention pud 
to its change of colors will easily distinguish, it, and also the fact that it is 
fusible on the edges. lolite may become altered witliout changing ita 
form. These crystals are often covered over with an exterior crust, which 
is more or less white and less hard tlian the mineral. Tlie interior, how- 
ever, is sometimes not decomposed. One of these products of decomposi- 
tion is Finite. It is the result of its almost coranlete alteration. It has a 
stony look on the outside, but the interior usually contains a littJe core or 
undecomposed mineral. It is generally believed, though it is not positively 
certain, Uiat all Pinites are the result of the decomposition of lolite, the 
reason being that the forms are the same, as well as its associations. It is 
often found in cylindrical crystals in Granite, and it is not certainly known 
whether these are the result of the alterations of lolite, or of some other 
silicate. Another variety in large hexagonal-shaped prisms is called 
QigantoUte. This variety shows in the highest degree, the paendo- 
eleavage dde to the presence of Mioa. lolite is occasionally used as an 
ornamental stone by jewelers. It has been found in large crystals in Had- 
dam. Conn. 



PI. Yl. 
Mg. 12. CO P. cofco. OP. -J- P. f c». Fig. 13. ooP. ccfco. 
coPco. osfS. Pco. OP. Mg.U. coP. cofco. osPoo. ooi>3. 
P. iP. ^P. 2PC0. 5co. I&co. OP. 
Mica Growp, 

Under the name of Mica a number of minerals are included, which 
have very analogous cliaracteristics, but which have variable compositions. 
They contain Si, fi, S, Sc and a little Fl and H, which varies from.E-3ji, 
but which does not appear to be essential to the composition. Some 
varieties contain Ti and 2r. All of these substances are however in veiy 
variable proportions. It is impossible to represent them, except approxi- 
mately by formuke. although it is necessary to make this approximation, 
in order to distinguish the varieties. Among lie IE, ti, & and Ru fre- 
quently occur in some of the varieties. Seven different varieties have been 
recognized. We shall have occasion to discuss only three. 
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Blotlto. a (.K Sg, ^6)=+ J (SI, Ve)y Si'. Hkxagosai,. 

It is usually fnund n tpxagona! platei the ystals si o v ng tl ree or 
more hexagonal pyramids ani sonetnea a riombohelro PI VI, 
Mga. 15, 16. Cleavage parallel to tie 1 ise L stre splendent, more or 
less pearly on the hise Wl en Hack submetallic The prkmit e faces 
are vitreous. Transpa ent tran lucent, opaq e Color generally green, 
to black : in th tamell<e g ee red or brown St eik colorless. 
H.=2.5-3. G =" 7 31 Compos o Mg 4-2o te 20 ^I 11-21, 
Pe4-25, 8136 44 

Pyr. &C, B. P. In a closed tube, generally gives a little H. Some 
varieties give a reaction for fluorine. Whitens and fuses on the edges. 
Gives reactions for iron. Decomposed by S. 

It is found ia large crystals at Greenwood Furliace, K. T., and elsewhere. 

FOBMULS OF THE 0RVBTAL3. 

ri TI. 

Fig. 15. OR. CO P 2. ^P 2; the latter form has a part of the faces 
wanting. Fig. U. OR. R Co R. 1-P2. 4P2. 2P2. 

Muscovite. (£'(Sl, Pe)f Si'+li Si Okthorhomuil 

Sys. — Common Mica, Biaxial Mica, Potash Mica Kalighmmer, Phengit 
Chrome Mica, luchsite, Chromgliramer 

It is found in the crystalline rooks in crystali nhich usually have a 
rhombic or an hexagonal contour P! VI Ftffs 17, 18 19 It was 
thought for a long time that these crystals belonged to the hexagonal 
system, but they are orthorhombb. The primitive form is a rhombic prbro, 
which has an angle of neariy 120°, producing limit forms. When the 
crystals are complete, they have six-sided terminations, Octahedra alone, 
or with a brachydome are rarely found, F^s. 20, 31. The edges of the 
crystals are never perfect, as they are made up of a large number of 
lamellie superposed. Complete crystals are very rare. All the varieties 
of Mica have a very^easy basal cleavage. The lamell* may be separated 
with the nail, foi- which reason the crystals are usually flattened in the 
direction of the cleavage, which is parallel to the base. Lustre, pearly, 
sometimes submetallic. Transparent, translucent, opaque. Color, white, 
gray, brown, green, violet, yellow; BomeUmes rose-red. All of these 
colors pass into black when they become intense. Streak, colorless. It is 
always transparent, but it may absorb the greater part of the light or per- 
haps the whole of it if the color is very dark and if it is not in liin plates. 
Some varieties show the phenomenon of Dichroism. They are generally 
those which contain Sr These Micas have been very little studied. 
Muscovite possesses double refraction of one and sometimes of two axes, 
which has given rise to the distinction of uniaxial and biaxial Micas. This 
classidcation has no particular interest, and has a very remote connection 
with the chemical composition It has been recently discovered, that by 
superposing several plates the same species may he made uniaxial or 
biaxial H.=2-2.5. G.^2.7&-3.1. Composition, 6 5-12, SI 31-39, 
ffe 1-8. Si 43-50, 

^^r. Sec. B. P. In a closed tube, gives off water and reacts for 
fluorine. Whitens and fuses at 5.5 to a grayish or yellowish glass. Not 
attacked by acids. 

When the plates are very thin they are exceedingly flexible and elastic. 
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When the Mica has been altered this elasticity ia lessened and sometiinea 
entirely lost. These plates are unctuoua to the touch, which is probably 
owing to the presence of Magnesia. In the crystalline rocks it ia found 
in plates, which are often very small, disseminated throughout the entire 
moss. These little plates do not show any crystalline characters and are 
probably the result of the destruction of lai^er crystals. It ia usually 
found in large tliin sheets, which have probably been produced by the 
cleavi^ of very large crystals. Besides the easy cleavage it has others 
that are more difficult. Cleavagea are found parallel to the vertical 
faces of the prism and sometimes parallel to the braohypiuacoid, so that 
when a strip of Mica is held up to the light a large number of striations 
are seea in the direction of the cleavages cutting up the plate, sometimes 
into rhombs and sometimes into hexagons. Besides the varieties more or 
less well crystallized, the mineral is found in some curiously distorted 
shapes. A variety known as Paim Mica shows the plateSj which are 
usually very small, in the. position of palm leaves. This position is caused 
by an apparently systematic arrangement around certain curved hues as 
axes. It is sometimes found in granular masses, which are almost sacchar- 
oidaL This is generally tbe condition of the Micas, which contain 
chromium. 

It is used in Eussia instead of glass. Its most extensive use is for the 
fronts of stoves and lanterns. It is abundantly found in the IT. S. 



PI. VI. 
Fig. ir. OP. oaP. coPod. Fig. 18. OP. coP. oa f oo. P. 
Fig. Id. OP. cofoo. 4 P. 2 P. 6f3. i^i;?. 20. P; a rare form. 
Mff. 21. P. 2Pco; apparentiy an HexagODal pyramid. 

Lepidolite. ((£, ti)' (SI, Fc))" §i'+2 Si. OsTHORnoMBia 
Sin — Lithia Mica, Lithionglimmer, Zinnwaldit, Lithiooit 

It cry=talhzes ai a nght rhombic pn=m of 120°. It has a perfect basal 
cleav^e It is somet mes fo ind m large imperfect crystals and in little 
plates almost granular, and appearing saccharoidal. This variety can be 
polished. Lustre, pearly Translucent Color, rose-red, violet, gray, 
lilac, grayish white, white, or yellon. It is to these brilliant colors, which 
resemble the wings of ceitain Lepidoptera, that it owes its name. Streak, 
colorless. H.=2.5-4. 0.=2.8t-3. Oompositioa, & 4-14, Li 1-5, SI 
14-38, Pe O-II, Si 42-54. 

Pylf, See, B. P. In a closed tube, gives off water and reacts for 
fluorine. Puses at 2-2.5, with intumescence, to a grayish glass, coloring 
the flame red. Attacked by acids. Gelatinizes after fusion. 

It is found in large quantities in Paris and Hebron, Maine. 

ScapolUe Group. 

■Wernerlte. {i(Ca, 6ra)'+8 SI)' Si'+3i. Tmragonal. 

Bts. — Scapolite, Paran thine, Glaucolite. 

It crystallizes in a right sciuare prism, with cleavages parallel to the faces 

of both prisms. The prism and octahedron, or the two prisms and octa- 

hedra and basal pinacoid are usually found in the small colorless crystals, 
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PL VII. Mgn. 1, 2, 3, These crystals eaa generally be distinguished by 
their form from the substances which accompany them. They are usually 
found with Orthoclase, Nephelite and viti'eous Feldspar, The earthy 
varieties have generally the same form, the prism of the second order being 
usually more developed tbaa the others, so as to give the appearance of an 
octagonal prism. The octagonal prism is also found oa the edges of the 
prism of the first order, Fig. 3, It sometimes happens that the prism is 
Burmounted by a six-sided pjramid, formed of four feces of an octaliedron 
and two of a sphenoid, which may be mistaken for an hexagonal form. 
This hemihedry is frequentlj^ seen not on the prism itself, but on the 
octagonal pyramid. This gives an hexf^onal terminatioD on a square 
prism. The termination is then not symmetric with regard to the prism. 
This form is quite frequent Its fracture is usually lamellar on account of 
its numerous cleavages; otherwise it is conchoidal or uneven. Its lustre is 
vitreous, pearly or resinous and is very variable. In small colorless 
crystals it is vitreous ; in. the large crystals and in lamellar masses, which 
are sometimes translucent on (he edges, it is generally somewhat resinous, 
but in many varieties it is earthy and dull Ti-ansparent, translucent, 
opaque. Color, white, gray, bluish, greenish or reddish. The little 
vitreous cryst^ are genecally colorless and unallered. In the stony 
varieties It may be colorless, green or gray. The red color is general- 
ly an indication of an advanced state of decomposition. The rose-oolored 
masfses however, appear to be natural. Streak, colorless, H,=5-6, 
C=2.63-2.8. Composition, Sa 6, Ca 18.1, S! 28.5, St 48.4, Some 
varieties contain 2-3 ^ of water, 

Pyp. &C. B, P. Puses easily, with intumescence and gives 
usually a spongy scoria, especially if it has not been altered. When it has 
undergone a commencement of decomposition, the intumescence is much 
greater, the fusion is easier, and a blebby glass is obtained. It is decom- 
posed by acids. 

The earthy varieties are generally decomposed on the surface, and may 
be covered over with a whitish or reddish coating. When it is well orys- 
taJhaed, it can readily be determined by its crystalline fcrni and by the 
fact that it is sometimes covered with a partially decomposed coating, 
which is more or less pulverulent. Ill deavable crystalline masses, it is 
not always easy to distinguish it from the Feldspars. If the specimen is 
well chosen, it may be recognized by its lamellar and scaly ftaoture, and 
resinous and wasy lustre. When, however, tliese characters are not very 
well marked, the determination is difficult. The blowpipe then most be 
used. The intumescence will dbtinguish it. It has been found in some 
localities as bacillary radiations and fibrous, but these specimens are very 
difficult to determine and are only mineralogical curiosities. It has been, 
found in Vermont, Massachusetts, Connecticut, Kevv Yoric and New Jersey, 



PI. vn. 

Mg. 1. CO P. OiPco. P. Mg. 2. odPod. ooP. P. Pod. 

Jiff, 3. OjP. osPco. coP2. P. OP. Mg. i. coP. coFco. F. 
P CO. 3 P. 3 P 3 ; from Siberia. 

Nephdite Qraup. 

Nopliclltc. (Sfa', &=)"§!' +3 Sl> Si=+3 Si. Hesaoosai.. 

Syn. — Elteolite, Davyne, Sommite, Elaolith, 

Its form is the regular hexagonal prism. It has traces of cleavage 
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parallel to the faces of the prism and base. It is very difficult, howcrer, 
to produce them, aa the crystals are almost always sonall. Its usual form 
is the hexagojial prism, with one or more hexagonal pyramids and the 
base, -Pt VII. Figi. 5, B. Its fracture is conchoidal and brilliant lU 
natural faces have a vitreous lustre. It is generally transparent and color- 
lesSj white or yellowish, but sometioies opaiuscenL The massive varieties 
are dark green, greenish, bluish, brownish and brick-red. Streak, color- 
less or same as color. H.=5,5-6, «.=2.5-2.65, Composition, Sa 16.9, 
t. 5.3, ai 33.r, Si 44.2, 

Pyr. &C. B. P. Fuses at 3.5 to a colorless glass. It gelatinizes 
with acLda. 

It is giinerally found in modern lavas, in the Dolomite of Mount 
Somma, and in (he products of a few other modern volcanoes. It is 
usually accompanied by a number of other crystalline minerals, almost all 
of which are colorless as it is. These may be Zircon, Anortliite and the 
vitreous variety of Orlhoclase. It can however be distinguished from all 
these, because its form is hexagonal. 
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Stc. — Lasurstein, Lasurit, Pierre d'Azur, 

It generally occurs in amorphous masses, but crystals have been found 
which are rhombic dodecahedra. They come from Baikal in Siberia, It 
shows a trace of cleavage parallel to the face of a rhombic dodecahedron. 
Fracture, uneven. Lustre, vitreous. Translucent, opaque. Color, 
azure-blue, violet-blue, red, green ; colorless. Streak, same as color. 
H.=5-5.5. 0.=2.38-2.4,'>. Composition, Sa 0-12, 6a 1-23, 31 11-43, 
Pe 0-4, Si 40-66, S 0-5, S 0-4. Lapis-Lazuli is a mineral of very com- 
plex composilion for which it is impossible to give any formula. It 
contains Ka, Ca, 5t, ¥e, Si, S and some free sulphur. It has been 
artificially produced and is the ultramarine of commerce, The presence 
of 3 and S in this Plicate has not yet been explained and it is not known 
how the iron eicists. It is more than probable that it is a mixture. The 
color ia different shades of blue, according to the locality from which it 
comes. Its hardness la variable and seems to be owing to the substances 
which accompany it. The hardest variety scratches glass with difficulty. 

Pyr. &,e. B. P. In a closed tube, gives a little water. Fuses 
easily at 3, with intumescence and gives a bluish bead. In acids it is 
more or less easily attacked and gelatinizes, evolving at the same time a 
Utile HS. The action of acids is frequently to decolorize it; sometimes it 
is not attacked by acids, except after calcination. 

For a long time Lapis-Lazuli was only found in veins of limestone and 
was filled with Pyrite, as in Siberia, but within a few years some places 
have been found in this country where it is associated with Quartz and is 
consequently much harder than the other varieties. It is much used by 
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jewelers, especially when it contains Pyrite. It was formerly used to make 
ultramarine, bnt is now superseded by a clieap, artificial preparation. 

Hajirnlto. (} Sa'+| Sly 3i'+Ca S. IsoMEima 
Syn.— Hauyn, Berzeline, 

It crystallizes in ootahedra and riiombie dodecahedra, PI. Til, Mgs. 7, 8. 
Hemitropes parallel to a face of tlie octahedron, and twins with all 
the faces parallel also occur, Mgs^ 9, 10, It baa a cieavage parallel to the 
rhombic dodecahedron. Fracture, conchoid al or uneven. Lustre, vitreous. 
Translucent, opaque. Color, various shades of blue or green. Streak, 
colorless or bluish. H.=6.5-6. ©.=2.4-2.5. Composition, ffa 16,5, 
SI 27,4, Si 32, Ca 9.9, S li.2. It is i-emarkable, like Lapis-Laauli, for tlie 
5 whicli it contains. 

Pyr. &C. B. P. In a closed tube, suffers no change. Fuses at 
4.6 to a white glass. Reacts for sulphur. Gelatinizes with acids. 

It is found in basalts .and volcanic rocks and is easily recognized by ita 
blue color. Tivianite resembles it somewhat, but is readily distinguished 
from it by its associations and its easy cleavage. 



PI VII. 
Fig. 7. O. J%. 8. 00 0. Mg. 9. Twin crystai; cotapositioi 
O. J%. 10. Hemitrope; combination 0. CoO. 



Sr N.— Amphig^n e. 

It is always found crystallized as the tetragonal trisootahedron. The 
one usually found has the Eolation 2 02, i'?. VII. W?. 11. Very in- 
distinct cleavages are sometimes found parallel to the rhombic dodecahe- 
dron. Fracture, conchoidal. It has very little lustre on the natural faces ; 
on the fracture it is vitreous in the transparent varieties. In the others it 
is opaque and dull Its crystals are sometimes traiisparent, but generally 
opaque as it has oflen undergone a de'cpniposition towards porcelain day. 
It is generally white or grayish, yellowish or reddish white. Streak, 
colorless. H.=5.5-6. ' C.=2.4t-2.66. Composition, &. 21.5, S! 23.6, 
Si 55. 

I*}'r. &c, B, P. Infusible, Soluble in acids, without gelatinizing. 
Heduced to powder and treated with water, it gives an alkaline reaction. 

IE is a volcanic mineral, generally found in lava. It can generally be 
recognized by its characterisUo crystalline form. It is often found in lava, 
when it x'U be known from its being white or reddish in a dark colored 
rock. In the granular varieties, it is rare to find an entire crystal or even 
the place occupied by one. When the large crystals are broken, it fre- 
quently becomes apparent that the outside only is Leucite and that the 
whole of the interior is made up of lava. This is a phenomenon very 
analogous to the one we shall presently speak of UTider Andalusite. The 
crystalline form will generally be sufficient to distinguish it, but it might 
be confounded with Analeite which has the same form. This however 
is fusible and contains water. 
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Feldspar Group, 



Like Amphibole and Pyroxene, the feldspars form a group. Unlike 
them, however, the name feldspar applies to the group and the varieties 
are real species, while with Ampliibole and Pyroxene the varieties are 
only peculiar conditions of the same species. The niineraia generally 
known as the feldspars are Anorthile, Labradorite, Oligoclase, AllDite and 
Orthoclase. The entire group, however, comprises a much larger number 
than this. 

Ail the feldspars are made up of fi, K, Si ; but in the different species 
the relative proportions of these substances vary. Thus we have for the 
oxygen ratio ia 

Anortliite, Oa 1:3:4 5 

Labradorite, Sa,Ca 1 : 3 : G 5 

Oligoclase, Na,Oa 1:3:9 5 

Albite, Sa 1 : 3 : 12 5 

Orthoclase, £ 1 : 3 : 12 4 

Thus it will be seen, that these species differ always in the relation of the 
silicic acid to tlie bases, the relation between the bases being always 1 : 3. 
They are very analogous the one to the other and all crystallize in the 
tricliuic system, except Orthoclase. 

coTAcoF OPA coT OPAcoF OPacoPco 



120° 31' 
121° 87' 
120° 42' 
120° 47' 
118° 48' 



110° 40' 114°6J' 94° 10' and 83° 50' 

110°50' 113''34' m'2(i' " 86°40' 

110° 55' 114° 40' 93° 50' " 86° 10' 

110° 50' 114° 42' 93° 36' " 86° 24' 

112° 13' 112° 13' 90° 



It thus appears that these species of feldspar may be mistaken the one 
for the other, unless; the measurements taken are very exact. The diffor- 
e analogous in their cleavage also. 



Anorthite, 
Labradorite, 


easy 


imperfei-t 
difflcult 


Oligoclase, 


very easy 


less easy 


Albite, 


easy 




Orthoclase, 




easy 



difli ult 

All of these slight differences appear to bo owmg to the tact that the 
bases H, although isomorphous, are not entirely m the sime conditions 
'EoT these variations in the cleavage correspond to differences in the bases 
that make up the different species, as we shall presently see The don 
sities of these different species are about the same but have slight vana- 



Anorthite, 


2 66—2 T8 


Labradorite, 


2 67—2 76 


Oligoclase, 


2.65-2.69 


Albite, 


2.59— 2-G5. 


Orthoclase, i 


2.44—2.62. 
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In general, it may be said that Orthoclase lias potash for its base and 
Alblte, soda; but there is noUiing absolute jn this, for tbe analyses of a 
certain number of specimens of Orthoclase stow that it may contain more 
Se, tixan &, and that Albite may contain more £ than S'a. But in general 
the rule holds good and it is probably owing to this, that there is a differ- 
ence in the forms of the two species. Oligoclase conttuns principally 
J9'a, with £! abd a little Oa; Labradorite contAina principally Oa. Anor- 
thite resembles Oligoolase, but contains more Oa, Oligoclase, Albite and 
Orthoclase are not attacked by acids, probably on account of the very 
large proportion of Si. Labradorite and Anorthite are completely soluble 
in acids, gelatinizing. It is difficult to distinguisii the symmetrical and 
dissymmetrical forms in simple crystals, as jPI. TII. Mgs. 14, lo and 
PI. VIII. Figs. 11, 12, but when the CTystals are compoate or macled, 
it becomes easy. In PL VIII. Mg. 14 is shown a crystal of i Orthoclase, 
macled hy a hemitropy parallel to the clinopinacoid ; PI, VII. Mg. 18 
is a crystal of Albite, macled in the same way. In the first case the two 
crystals are perfectly symmetrical and tlie angle between P and Cc f bo 

is a right angle. In the second case they are not ; the angle not being a, 

right angle, where the faces corns together, a reentrant angle is fonned on 
the line of junction. On the opposite faces below there will be a dome. 
Besides this, the cleavages parallel to the base go through tho entire 
crystal of Ortlioelase, which is not the case in Albite, since the two 
crystals do not correspond. The same is true of tiie other macled species, 

Anorthite. (i Ca' +|. Si)' Si", Triclinic. 
Sys.— Indianite, Chri'stianite, Amphodelite. 

The primitive form is a doubly inclined rhombic prism of 120° 31'. 
Among the products thrown out by certain volcanoes, especially in the 
blocks from Dolomite of Mt. Somma, the Titreous variety of Orthoclase is 
found in small transparent crystals, which look like melted glass. If thcy 
are carefully examined witli a glass, otlier oiystala ture sometimes found 
which resemble them, but which are not syniraetrieal and have reentrant 
angles. This minerd is the feldspar Anorthite. These crystals of Anor- 
thite are always very small, and often cannot be distinguished except with 
a glass. They are usually complete and so evidently of a different form, 
that they are easilT distinguished from the crystals of vitreous Orthoclase, 
which are generally flattened in the direction of the brachypinacoid or 
are even reduced to tlie thinness of paper, while the crystals of Anor- 
thite are about equ^ly developed, and appear sometimes almost spherical. 
The usual forms are shown in PI VII, Figs. 12, 13, Cleavage, parallel 
to the base and brachypinacoid.. Fracture, conohoidal. Lustre, vitreous, 
but peaily on the cleavage. Transparent, translucent, opaque. Color, 
white, grayish or reddish. Streak, ciJorless. H.=6-7, G.=2,6S-2.78. 
Composition, Ca 20, »1 36.9, Si 43. L 

Pyr. &C. B. P. Puses at 5 to a colorless glass. Soluble in HCl, 
gelatinizing. 

PI. VII. 
Fig. 12. CO F. 
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liSbradorite, (Sa, 6a) §i+Sl Si* Tmcltkio. 
Syjj.— Labrador, Pierre de Labrador, 

Lftbritdorite has the same forms and cleavages as the other species 
of feldspar, ' Crystals, however, are very rare j it is generally found in 
lamellar masses, which are highly striated and semi-translucent. Cleavage, 
easy, parallel to the hase, less distinct, parallel to the braoiiypinacoid and 
prism. Lustre on the base pearly, elsewhere vitreous. Translucent, 
opaque. Color, gray, brown or greenish, sometimes colorless. It usually 
luis a bright play of colors on the cleavage faces. Streak, colorless. 
H.=6. «.=2,6T-2.76. Composition, Sa 4,5, Oa 12.3, SI 30.3, Si 32.9. 

Pyr. &C. B. P. Fuses at 3 to a colorless glass. Partially soluble 
in strong acids, and, when it has been reduced to a fine powder, it 
gelatinizes. 

The lustre of its fracture is very bright, and somewhat resembles that 
of Orthoclase, but the striations and the solubility with acids distinguish 
it. Its chief characteristic is its play of colors. It is readily distinguished 
from a arailar variety of Orthoclase by its striations. 

Oligoclaso. (i(Sa, ea)'+|iSl) gi=+3| Si. TmcLraic. 

Sys.— Oligoklas. 

OUgoolase is sometimes found in perfect crystals, which resemble Ortho- 
clase, but differ from it by want of symmetry. These crystals gra fre- 
quently lennthened in the direction of the macrodiagonal, PI. VII. 
Fig. li. They are generally stony and do not have much lustre. Clea- 
vage, parallel to the base and brachypinacoid. Fracture, conoh»idal or 
uneven. Lustre, pearly, waxy or vitreous. Transparent, translucent, 
opaque. Color, white, grayish, greenish; in Gfold Stone (Av en turine) 
reddish. It is usually greenish. Streak, colorless. H.=6-7. 0.= 
2.S6-2,72. Composition, Sa 2-12, Ca 0.5-5, SI 19-2i, Si 59-64. 

PjT. &e. It. P. Fuses at 3.5 to a clear glass. Not acted upon 
by acids. 

Crystals of Oligoclase are quite rare, but lamellar masses are found in a 
large number of rocks. They can be easily distinguished from Orthoclase 
by the striations, but it is quite difficult to distinguish them from Albite, 
since their external characters are nearly the same. When the mass is 
greenish it is probably Oligoclase, but when the mass is red or white it 
will be doubtful. The only way to distinpiish them will be a chemical 
analysis. For a long time the massive specimens of Oligoclase were con- 
founded with Albite It can sometimes be recognized by the minerals 
which accompany it Thu», from Arendal jn Norway, it is usually 
associated with green Epidote It can be distinguished most satisfactorily 
by a determination ot Uie Si, which need not be very exact, for the pro- 
portions are very different in the two minerals. Albite contains 68-72^ 
while Oligoclase ba'^ onh about 60^ It has been found in New Hamp- 
shire, Massachusetts, Connecticut, Pennsylvania, Delaware and elsewhere. 

PI. TIL 
%. 14. OP. CO J 
2^'co. ,P,os. 2,P,oo. 
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Aibitc. (iSa=+| Sl)"Si'+6 Si, THicLwia 
8vN. — Tetartine, Petiuliiie. 

The crystalliiie forms of Albite are very nearly the same as tliose we 
shall describe under the bead of Orthoclase. Simple crystals are quite 
rare, PI VII. F^s. 15, 16, 17, There is a very remarkable form of 
Albite, which shows a great development of the base and hemi-orttio- 
dome, Mgs. 22, 23. It eonstitates the variety called Perieline, which ia 
generally milk-white and opaque, with a very bright lustre. They also 
soraetiraes contaia the faces of ahemi-brachydome. These crystals appear 
atflrat sight to be symmetrical, buG it will be remarked that the striations 
on the surface are not continuous, which shows that the crystals are 
formed of the union of several others. Hemitropes parallel to the base 
often occur, PL Till. Mgs. 1, 2. The esterior of the crystals of 
Periciine are often covered with iron and Chlorite. The ordinary form of 
' Albite is the twin parallel to the braohypioacoid, Mgs. 18, 19. The 
obliquity between the base and the brachypinacoid produces reentrant 
angles on one side, and a dome on the other. This disposition is charac- 
teristic of Albite. In the homitrope crystals the cleavage is never perfect 
across the crystal. Reentrant angles are also made by a hemitrope 
around the Dormal to the brachypinacoid, sometimes parallel to the base. 
These crystals are rarely ever formed alone, Albite is generally found 
in collections of crystals, united to form one large one. A transverse 
sectJOQ of a crystal often shows a series of regntraat angles, analo- 
gous to those described under Quartz. Such crystals are composed of 
others which are generally hemitTOpo, sometimes in one direction, and 
sometifnes in another. The faces of junction produce striations which are 
parallel to each other, and which often produce a pearly lustre, Albite 
hna easy cleavages, one parallel to the base, and one parallel to the brachy- 
pinacoid The fracture is lamellar and sometimes conchoidal or uneven. 
It IS often granular m the imperfectly crystaUiEcd varieties. Its lustre on 
the faces is Mtreous, but on the fracture it is pearly. Transparent, 
tran-^lucent opaque The color is generally white, either clear or milk- 
white It 11 sometimes rosy-red, yellowish, greenish, bluish, grayisli. 
Soraedracf it has a bluish opalescence. Streak, colorless. It is lamellar 
and sometimes even hbious H.=:6-7. «.t= 2.59-2. 6S. Composition, 
Sa 11.8, ai 19.6, Si 68.6. 

Pyr. Sec. B. P. Fuses at 4 to a clear bead, coloring the flame 
yellow (Sa). Insoluble in aoids. 

Albite is found in >a number of rocks; associated with Hornblende it 
forms Dioryte. It is quite common in Gneiss. It ia found also in 
Trachytes and Phonolil«8. It is frequently found in Porphyries. When 
il is associated with Orthoclase in Granite it can be readily distinguished 
by its greater whiteaess. Bare minerals aud gems are often found in 
Yeins of albitic Granite. The lamellar masses of Albite are distinguished 
by the visible striations produced by hemitropy, which are generally less 
distinct in the other varieties of feldspars, except OligoclaSe. The 
striations in pencil may also he seen sometimes by turning the crystal a 
little in the light It can sometimes be distinguished by the feathered and 
fibrous disposition of the fracture. The fracture of Albite is also mora 
generally gramilar than that of Orthoclase. Such characters are however 
oftfln difficult of observation. 
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PI. VII. 
Fig.lb. Co'P. coP'. oc.'P3. aif'3. cofco. OP. P Co. 3Pco. 
Poj. P'. iP'". Fig. 16. The preceding, without ^P', but witk 'P. 
Fig. 17. Twin crystal. Fig. 18. Heraitrope; composidon-Gioe co P co. 
Mg. 19. Twin crystal, with the combhiation cofco, oo'P', oo'fS. 
OP. P CO ; cliaracteristio form of Albite. Mg. 20. Hemitrope as in 
Fig. 19, but the two halves by interpenetration crossing on a vertical line, 
so that the right quarter in front is continued in the left quarter behifld, 
and the left in frout In the right behind. Mg. 21. Double twin, formed 
by juxtaposition, parallel to the vertical axis, of two twins like 
F^. 20, according to the law of the orthoclaae twins, PI. VIII. Figs. 21, 
22. Fig. 22. QP- ,P,Co. ce'P. co P'. co P »; form of Pericllne. 
Fg. 23. The preceding, with ,P and |Pt». PI, VUI. Fig. 1. 
Hemitrope; composition-face OP. As the part revolved in this case ia 
(lie lower half and the salient angle is on the loft, this twin ia Uft-kanded. 
Fig. % The same as the preceding:, but WjWAandeii, because the upper 
half is the part revolved. 

Ortlioclase, (-i'S: 3+f 51)' Si'+G Si Movoclivi 

Syh,— Feldspar, Feldspath, Adalaria, Adukr E 'i'^path Orthose 
Pegmatolith, Losyjciase, Ryacolite, Sanid ne M ciocline 
Amazon Stone. 
It crystallizes as an inclined rhombic prism of 118° 4^ The pi n t ve 
form of Ofthoelase, Pi VIIL Fig. 3, without, modifiettion« is com^ara 
ttvety rare. 'At first sight it might easily be mistaken for a rhorabohedroa 
but the direction of the striations shows that it IS not. The striations of 
the base are parallel to the orthodiagonal, while those of the piisra are 
parallel \Q the edges of the base. There ia another form mide up ot the 
prism and a hemi-orthodome, Fig. i, which might atiil more eis !y be 
mistaken for the rhombohedron. but it can be distmguishtd from the brtl 
by the stiiations. These crystals are sometimes quite largo and their 
surface is generally covered with Chlorite, which sometimes masks the 
striEe. In order to find out what form it is, it is suffic ent to etfpct a 
oleavi^e, which shows the disposition of the etriie Besides theie forms 
which belong Ut detached crystals of Orthoclase others ire found id 
eruptive rocks. They are generally long crystals as in F\gi. 9-11. Thost 
of the first type are very often vitreous. They are then very thin in tlie 
direction of the chnopinacoid. In the second form, Fig, 10, the faces of 
a dindprism appear. These faces are generally Email and without lustre, 
which distinguishes them from the others, which are usually brilliant. It 
is often found in Granite with a lenglhetied form, Fg. 13, ia which the 
rectanguiar prism predominates. Beside these forms, it is susceptible of 
inacles and liemitTOpes, which may be produced acimrding to diJFerent 
laws. Sometimes the hemitropy takes place around the face of the clino- 
pinacoid, and then the form Fig. 14 is produced. As we have seen 
before, there is generally a cleavage parallel to tlie base, but sometimes it 
happens that the striations do not continue in the same line ia the two 
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crystals either parallel to the base or the hemi-orthodome, which sliows 
that the crystal is hemilrope. Sometimes, particularly i:i the trachytio 
rocks, the crystal is hemitrope around the clinopinacoid and ia then dis- 

? laced laterally, but the parts penetrate each otlier very nearly half and half, 
'ijs. 20-22. The very lengthened forms, JI3. 13, may give rise to two hemi- 
tropea. The first, Fig. 13, takes place around a normal to the base. In. 
this case, as the angle between the base and the clinopinacoid is 90°, the 
cleav^e parallel to the clinopinacoid goes through the whole crystal. 
The second hemitrope takes place around a diagonal, Mg. 15. The two 
faces of the clinopinacoid are almost at right angles. In this fonn the 
faces of a clinoprisin are frequently found. These forma are easily dis- 
tinguished from Albite; for when the hemitropy ia in the first case the 
cleavage parallel to the clinopinacoid dOes not go through the crystal. It 
is sometimes found in very large crystals. It is rarely simple, but is formed 
of macies of several crystals, according to one or more of the laws just 
described. These clusters of maoles can readily be distinguished by their 
strifttions. It has an easy cleavage parallel to the base and clinopinacoid 
and a less easy one parallel to the orthopinaooid and prism. 

On account of the two very easy cleavages, Orthoclase ia aim t alw y 
more or less split, ao that it has the appearance of having br 11 t faces 
or mirrors in its interior. Its fracture is generally lamellar 1 ac tl 

crystal it is sometimes conchoidal and sometimes smooth. Th 1 t f 
Orthoclase is vitreous, in the transparent crystals; on the cle ^ I 
it is often pearly. The faces of the base and hemi-orthodome 1 j 

less brilliant than the faces of the prism ; and the faces of h 1 o- 
prism are always without lastre. Transparent, translucent, opaq Th 

transparent varieties are generally whitish and show mirrors d by 

cleav^e. Color, fleshred, white.gray, greenish or bright ere n St k 
colorless. H.=6-6.5. 0.=2.4t-2.62. Composition, K 169 AI18 8 
Si 64.6. Some varieties contain as much as lOjfi of soda. Generally the 
largest amount is f>^; most varieties contain only a trace. 

Pyr. &c; D. P. The colored varieties whiten. In thin scales it 
is fusible between 4 and 5 to a white glass. With borax, it gives a trans- 
parent glass and with S. Ph., a silica skeleton. Not acted on by acids. 

The colors of Orthoclase are in general not very decided ; they are 
white, grayish and flesh-color, more rarely rose-red and green. This last 
variety ia used for oniamenta under the name of Amaaoii Stone, A 
transparent, vitreous variety of Orthoclase is found among volcanic pro- 
ducts, generally in Lavas or Trachytes. This variety has been called 
vitreous feldspar or Santdine and was for a long time known as Eyacolite, 
which was supposed to be a separate species of feldspar. They are 
generally characterized by rounded exterior surfaces, which givea them 
3ie appearance of having been melted. It appears, however, to be owing 
to the circumstances which prevented them from forming completely. 
Some of these varieties show the hemitropy described, where the crystals 
have been displaced laterally. They are found in the granitic, trachytio 
and porphyritic rocka. The lengthened form is also found and the herai- 
tropes to which it gives rise, A variety is found which changes its color, 
sometimes showing the phenomenon of asteria; the li^ht falling upon it 
is decomposed and shows a pencit-of I'ays, These vaneties always havo 
llje cleavage parallel lo the clinopinacoid and the base, which form fine 
parallel atriations on the surface, but tliis phenomenon ia exceptional. 
This vai'iely is called MicrocUne. Generally the crystals which wiow a 
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change of color are Labradorit*. Beside these crystalliiie varieties, there 
are those which are only jmperfently crystallized, and thia is generally the 
ease in tlie Granitic rocks. These varieties are generally iu lataellar 
masses having the rectangular cleavages. They cannot be scratched with 
the knife, hut tliey scratcii glass. Their color is generally darker tban 
that of the crystals. They are red, brown, yellow, green, but generally 
flesh-color. It is also found in granular and earthy masses. This is owing 
to a commencement of decomposition, the mineral passing into porcelain 
clay. Massive Orthoclase is frequently found associated with crystallized 
Quarts, both crystallizing together. The crystallization of the feldspar 
has been hindered and has assumed the shape of irregular thin plates. 
The Quartz is frequently smoky and gives to the mass the appearance pf 
haying liebrew characters written upon it. The rock is called Graphic 
Granite. Geodes filled with perfect crystals are Irequentl}^ mot with ia 
massive feldspar. Suostoae is the name of a variety which is tran^a- 
rent in thin lamellar and has gold-colored Mica scattered through it. 
Part of the mineral known as Sunstone b Oligoolase. 

Orthoclase is tlio essential constituent of a large number of rocks. The 
feldspar of the porpliyritiu and traohjtic rocks is generally Ortlioclaae ; 
s, however, it is Alblte or Oligoclasa, 



PI. Tin. 
Fig. 3. CO P. P. Fiff. i. co P. P CO. Mff. 5. Co P. P CO. 
OP ; usual on Adularia. Fii;. G. The preceding, but with the base and 
hemi-orthodome equally developed. Mg. 7. The preceding with go ? co. 
Fig. 8. The preceding, witli CO P CO. P. Mg. d. xPod. coP. OP. 
3 P Co; usual form of the Orthoclase in Granite and Porphyry. Tlie same 
form ia shown in Fig. 19, in a different position. Fig, 10. The preced- 
ing with coP 3. Fig. 11. 03P. odPod. op. 2 P os. P co. P. 
2Pco. -Pi?. 12. OP. coPcc. CoP. 2Poo. 2Pco; usual form of 
the rectangular crystals, Mg. 13. Twin crystal; composition-face OP. 
Jfij, 14. nemitrope; composition-face OoPco. Fig. 15. Hemitrope; 
composition-face 2 P co. Fig. 16. Projection of a twin crystal similar to 
the preceding. Fig. 17. Double twin crystal, formed in the same way 
as^, 15. Fig. 18. coPod. a>P3. ooP. OP, 2Pco. Pod. 
J P CO. P. 2 f CO. Fig. 19. Usual form of Orthoclase. Fig. 20. 
Twin crystal by juxtaposition upon the face co P co. Figs. 21, 22, Twin 
crystals by interpenetration; composition-face coPco. Mg. 21, is a hji~ 
handed and Fig, 22 a right-handed twin, as the leil; and right halves are 
respectively the parts revolved. 



Petrasilex, or compact feldspar, as it is often called, is for the feldspars 
what Corneine is for Amphibole, and Llierzolyte for Pyroxene, It in a 
rock of analogous composition with the feldspars and is sometimes their 



.d by Google 



66 LECTUEES ON MINERALOGY. 

matrix. The composition is variable. Si 70—80, sometimes less, SI 
18—20, Alkalies H— 16. AcGording to the proportion of the different 
elements, Petrosilex has givea rise to different feldspars. It ia 
never crystallized and never has any well defined character. Its 
hardness is about the same as feldspar, It is not acted on by acids. 
Fusible to an enamel, intumesoing slightly, whicji is owicfc to 1 or %% of 
S, which it sometimes contains. It has an intermediate form and 
Structure. Its fracture is scaly with sharp edges, which are sometimes 
translucent. It is often smooth and . conchoidal like a coarse Agate. 
It has a fetty lustre and its color is variable, but generally light. 
By tlie hardness it might be confounded with compact Quarta, but its 
fusibility distinguishes it It is found in nature under sunilar conditions 
with the feldspars of which It sometimes contfuns crystals. Some 
varieties of Petrosilex approach Albite, others Orthoclase or Oligoclase. 
They rarely approach Labradorite. They are often found associated with 
the Granitic Porphyries, either as nodules or veius. 



Syn. — Peehstein. 
Pitchstone, Peehstein, and resinous feldspar are names given to' a 
rock the composition of whicli is analogous to the feldspars, but which 
contains a considerable amount of water. These rocks are quite 
fi-agile and not so hard as Petrosilex. They are not attacked by acids 
and only partially attacked by alkalies. They fuse with intumescence 
and generally whiten, as their color is usually due to organic matter. 
Their composition is analogous te tbat of Petrosilex, except that they con- 
tain an amount of water varying from 4-8 and even 10^: They have a 
peculiar, vitreous, lustrous or resinous appearance, which cannot be de- 
scribed. Their fracture is irregular, though generally smooth, but -rarely 
conchoidal or plane. They ace usually more translucent than Petrosilex 
and their colors are generally darker. They are oft*n found associated 
with feldspar. Owing to their very peculiM' and resinous lustre, they can 
easily be distinguished from the varieties of Opal called resinous Quartz. 
Their fusibility will however distinguish them ia case of doubt. 



Obsidian is a volcanic glass, which has a variable composition, but 
which approaches that of feldsptu-. Si 70-80, ftl 2-10, Sa and fe 3-10, 
OaandMgl-4, Pe 0-3, Sa traces, ToIatJlematterO-4. Thevolatilemat- 
ter may be water or combustible material. Obsidian is generally of a 
dark green color, which is owing to the presence of iron, or of a dark 
brown, owing to oi^anic matter. Its fracture is conchoidal and its lustre 
vitreous. Parts of it sometimes present the appearance of becoming de- 
vitrifled ; such parts usually contain more lime than the others and are 
thus more stony, and then are often found as distinct globules in the mass. 
It is sometimes found stratified in beds of vitreous and stony matter; such 
specimens have not been thoroughly melted. Obsidian is found in great 
aoundance in volcanic products and in lavas, through which it is often 
scattered in the shape of globules. Pete's Hair ia the name given l)y the 
native? of tlie Sandwich Islands, to tJio volcanic glass from Mauna Loa, 
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Syn, — Bimstein, Pearlstono, Spherulite, Perlsteiii, Perlite. 

Pumioe and Perlite are two products which are anatagousin composition, 
and in. tiieir mode of formatioo. to Obsidian. Some silicates when they 
ore in a fluid state have the property of becoming porons and swelling, so 
as to resemble sponge This is the case, with some arfjfiuial slags. The 
contact of such silicates thrown out by volcanoes with water produces 
Pumice. The name Perlite has been given, to the same substance, when 
it is iu little elobuies soldered together. Pumice resembles a vei-y bulby 
and spongy glass ; sometimes it is diawn out into fine fibers, so that the 
mass loote fibrous, but sometimes it exists as real fibers. It is generally 
of a white colorj but frequently passes into Obsidian, v/hich has about the 
same mean composition and difiera from it only in being compact 



Under the influenne ot atmospheric agencies, the silicates undergo a 
peculiar decomposition, eipeoially w hen they contain any bases suscepiible 
of a higher degree of oxidation, such as Fe. In such cases the altiiliea, 
the (3a. and Sig, and even the sQica, either by the action of pure water 
or water charged with fi, are at times paruy dissolved. Besides the 
action of water, other causes, such as the action of acid vapors, may have 
produced this decomposition. These vapors sometimes consist of HCl, 
which appears to be given off in abundance in certain formations, ainee 
chlorides are found in many rocks. At other times the decomposition is 
produced by 8 or HS, which fill the ground of certain, regions. More 
often however, the decomposition is produced by damp air or by water, 
which may be water from thermal or other springs, or may be in the 
state of saturated vapor. There is no silicate, which will not after a cer- 
tain time be affected by such action. It is generally the feldspathic rocks 
which are affected in tliis way, which is the reason why we treat of this 
subject here. Sometimes, when the defomposition has not gone very far, 
the structure and cleavage of feldspar can still be seen. Generally iiow- 
ever, Ihey are in a more or less eartliy condition, quite distinct from the 
parts which have not been acted upon. The products of decomposition 
can thus be generally separated. They are usually composed of silica, 
alumina and water. If these materials are not in perfectly defined pro- 
portions, and their variable composition seems to prove i^ ihey are not 
mixtures of Si, St and S, but rathermixturesof d^nite combinations of 
these clients; for by the action of the alkalies, only a very little Si is 
dissolved, and without acids only a very little alumina. Although a part of 
the water may be driven off at a low temperature, the greater part can 
only be separated at a very high heat. These products of decomposition, 
not having a definite chemical composition, cannot have any very well 
defined characters. They are generally in earthy masses. When dry, 
they absorb water and attract the tongue; in contact wilh water, they 
fall to pieces and make mud. This mud makes a paste which is more or 
less pla.'Jtic, but cannot gpuerally be drawn out wiihout breaking. With 
heat, they become hard and compact, but do not lose their water, except 
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at a very hig!i temperatQre, They are infusible, unless mixed witli somo 
metallic oxides. When the deoomposition has taken place in a rock, the 
elements of which are well separated, ai kr^e grained O-ranites and 
Pegmatites, the Quartz is unaltered and the Mica is not decomposed ; 
the feldspar only has undergone decompositioo. The Mica, however, 
undei^oes certain changes and takes a silvery look, which it did not have 
in the unaltered rock. We shall separate these kinds of products of 
decomposition as follows : 

1. Kaolins, or porcelain cloys, resulting from the dooomposition of 
rocks in place. 

2. Ordinakv Clavs, formed as sediments. 

3. Clats, produced by chemical deposition. 

Stn. — Eaolinite, Porcelain Clay, PorKellanerde, Argiles ii porcelains. 

Kaolin is generally produced by the decomposition of the feldspar of 
granitic rocks, and is generally found in place. It is usually white and 
somewhat plastic, not very colierent, earthy and without at^illaceous odor 
when breathed upon. By crushing and washing, it is very easy to sepa- 
rate it from the undeeomposed materials accompanying it It is very 
much sought for when free from iron, for the manufacture of porcelsun, 
For this purpose it is indispen^ble tliat all the Mica should be washed out. 

Brongniart analyzed a great number of Kaolins used in the arts and ar- 
rived at the following limits : 

Si 23-46, Metailie oxides 0.5-1, 5121-43. Oa, Sig 0-6, Alkahes 
0-0.5,. S 5-12, residue not aqjillaceous 0-3. 

Its general formulae may be expressed as 5| Si'+2 11; Si 39.8, Si 
46.3, a 13.9 



Clays seem to have been formed from the product of decomposition 
carried off by water and deposited in beds in the stratified formaWons, 
They do not have any well-defined oharacters. When dry they rapidly 
absorb water, which they lose easily and then contract and crack in every 
direction. They have an earthy and sometimes a lamellar aspect. When 
taken from the earth they are sometimes somewhat translucent on the 
edges and have a soapy look and a slight lustre. When breathed upon 
they give a peculiar odor called argillaceous, like the smell of ground afler 
a rain. Their colors are very variable; so remarkable that those found 
with salt are frequently called variegated clays. They seem to have under- 
gone a sort of metfunorphism at a very high pressure, under the influence 
of which tlie iron and other met^s in different degrees of oxidation have 
given different tints to different parts of the mass. These different colors 
are frequently arranged in regular stratified layers. The chemicq) compo- 
sition of clays is very variable but they can all be arranged around two 
types, represented by the following compositions ; 

I. n. 

Si 45—50 60— G6 

SI 34—38 1&-25 

n 0—15 9—15 

These may be represented by the formuke 

Sl'gi'-H4 It; Si 51.83, Si 35.36, ft 12.40 and 

SI Si' -1-3 H; Si 65.64, SI 22.54, 11482. 
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These clays are generally pkgtic enough to allow their use iQ mouUmg 
and for pottery. When they contain but little iron they can be used for 
Are brick. They absoi-b water rapidly and have a very distinct aigilla- 
oeous odor, and are only partially acted on by acids. 



Svif. — ^Smectite, Torre ii foulcin, Steinmark, Llthomarge, Walkerde. 

The third variety constitutes the varieties known as fuller's earth or 
smeetio clays. They can be almost entirely attacked by acids and alkalies, 
and are scarcely at all plastic. They do not fail to pieces in water and 
make a paste hardly capable of being drawn out, or, as it is said, is very 
short In the fracture their lustre is quite bright ; they may even be trans- 
lucent on their edges. This translucidity disappears and re-appeats, when 
they are placed in water. This may be done several times. When rubbed 
with the nail they soraetiraes acquire a irery high lustre. They do not 
absorb water as easily as the first two varieties, but they unite with fats, 
even when cold, and saponify. They are largely used for soap in the 
countries where they are found. 

The chemical clays differ materially in their characteristics from the 
ordinary clays, and also in their formation. They generally accompany 
certain metallic oxides and have the general appearance of definite com- 
pounds. They are not entirely amorphous, and when just taken from the 
earth are quite translueent on their edges and even sometimes trausparent. 
They do not always beoorae entirely opaque afterwards. Their fracture 
is smooth and sometimes scaly and bright When rubbed tliey take a 
bright polish. Inwater they do not &!1 to pieces, and are not at all 
plastic, hut they absorb water and become much more transparent. Like 
the smectic clays, this translucidity may be made to appear and disappear 
several times. They are all attacked by aeids and gelatinize. They have 
no absolutely definite composition and therefore are not species. Certain 
authors have regarded them as species, but they should not have 
names given to them, except to serve a sort of pseudo-scientific purpose 
in distinguishiug them. Their chemical composition is generally Si 4t-50, 
SI 17-23, H 22-27. They sometimes contain a little Sig and S'e. Some 
varieties of these chemical clays which have ft schistose structure are 
called Litho'marge and also those which form the iluccaa of certain 
metallic veins. 

m. Subsilicates. 

Cliroiidrodite. Sig' Si', OiiTHoRnOMBio. 

Stn. — Bmcite, Humite, 

It crystallizes as a right rhombic prism of 94° 26'. The crystals show a 
very lat^e number of faces and present several types some of which show 
hemihedral forms PI. Till. Fig. 23. The volcanic varieties have gener- 
ally the most complicated forms. Cleavage indbtinci, parallel to the base. 
Fracture, conchoidal or unevea Lustre, vitreous or resinous. Transpar- 
ent, translucent, opaque. Color, white, yellow, brown, red, green, gray or 
blacl<. Streak, white or yellowisli. II.=6-e.5. G. =3.118-3.24. Corn- 
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positioa, fig 64.50, te 6.75, Si 33.19, Fl 5.56. ParL of tho oxygen is 
always replaced by fluorine. 

Pyr. &c. B. P. Infusible. Same varieties blacken and then 
become white. With fluxes, gives the reactions for iron. With S.Ph. 
or S, gives the reactions for ET. Gelatinizes with acids. 

It is almost always found 'Bs rounded orystais, or in graitLs in limestone, 
sometimes associated with Graphite. Humite is generally, foaad in the 
feldspathic rocks of Mt. Somma. It might resemble certain varieties of 
Garnet or Tourmaline, but its gravity is less and its infusibility and action 
with acids will also distinguish it. 

It is found abundantly in Massachussetta, New York, New Jersey and 
Pennsylvania. 

PI Till. 
Fig. 23. GO P. Pco, J P. -fP 2. 4?co; some of the faces are 
hemiliodral. 

Tourmaline. ((Sa, K, Ca, lilg, te)' (Pc, SI, E))' Si'. Hexagonal. 
Syn. — Schorl, Eubelilte, Indicolite. 



nations. The ditrigonal prism is also foimd, PI. IX, Mg, 5. Crystals 
are very often found hemimorphic, PL VHI. Figs. 25, 26. Pt IX. 
Mffs. 2, 3, i, 5. Generally the orystais have a very large Dumber of 
modifioaUons, which show themselves by striations on Uie trigonal prism, 
making the section of the crystal a spherical triangle, which is generally 
equilateral Fracture, coQchoidal or uneven. Lustre, vitreous. Transpa- 
rent, translucent or opaque. Even the opaque crystids are translucent 
when cut into very thin plates. Color, black, brown, blue, green, red, 
sometimes colorless. The black color may be intense . green, blue, violet 
or reddish-brown, which colors are also found lighter. The red variety of 
Tourmaline ia sometimes called Eubellite and flie blue variety Indicolite. 
Very often the same crystal' has two or more of these colors together. 
The Tourmalines from Elba often show two or even three colore. Streak, 
colorless. The varieties which contMn tho alkalies and the alkaline eartlis, 
are generally of a light color, while tiiose containing the metallic oxides 
are darker. It sometimes has a remarkable dichroism. In the direction 
of the vertical aiis, some crystals are yellowish-brown, and perpendicular 
to this asparagus green; or respectively brownish-violet and greenish- 
biue; or purple andbluish. It is pyroelectrio. H.=7-r.5. G.=2.94-3.3. 
Composition, ta 0-5, t 0-4, Oa 0-2, % 0-15, te 0-17, Pe O-II, 51 
30-44:, B 4-11, Si 35-40. It is possible that a part of the B may replace 
a part of tho Si. A smidl portion of fluorine is almost always found, 
which probably replaces some of the oxygen. It is impossible to make 
anything more than a general formula, on account of the diffleulties which 
the simultaneoils presence of Si, B and Fl causes in the analysis. 
PjT. dec. B. P. Meet of the varieties fuse to a blcbby glass, but 
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some are infusible. With fluxes, it generally gives the reactions for iron 
and manganese. Fused with bisulphate of potash and Fluorite, it gives 
the reaction for boracio acid. Heated, loses weight, giving off fluoride 
of silicon or perhaps fluoride of boron. Not decomposed by acids, unlesa 
after fusion. 

Those varieties which contain, metallic oxides have different characters. 
The darkest are fusible, with intumescence, but the clear varieties are gener- 
ally infusible. They all color tho fiamo green, owing to the presence of 
B. Kone of them are attacked by acids. The red variety called 
Eubellite has be d t 'cotat B by b t t p ess ly ' pi 

refraction. Trrab ymkblf t ply Ippt 

it is ranch d pt oa p rt 1 !y n th t dy f pol t n 

A bacillary ty ! f d d p I h g ttesm leas h 

geaerftliy pi dtgth pnlilp tnbc mtm dtd 

It might be f ddwththradtd te-tAdl tbt 

be distingui i d by tli rapl t 1 f 1 T m A ph b 1 

and Pyroxe th y d t 1 d by th t f B G lly 

the cylindr Idpot fth jtlmybdit hd 

the haguetle. wh 1 yta! acl thglsswlih tob 

used. Very fi tIfRllIt didlth b fd 

Maina and M 5S. hu, ti Th mm t es f d b d Uy 

in tlie U. S. 

Fi<j. 24. ^P.i. ^^ -JH, a \ciy frequent form. Fig. J). 

cop 3. — n~' — i R above, below -JR. OR; a usual heraimorphic 

crystal. Fij. 20. CoP2. - -^— " R. R 5 above, E below. Fig. 27. 

coP2. --^' -iR3. E. PI IX. Fig. l. a)P2. ~. 
R; a common form. The prisms are often oscillatory combined, so that 
the crystal becomes triangular in shape. Fig. 2. oo P 2, ■ „ ' -2 E. 
R. above, -2 R alone below. Mg. 3, coP2. E, -2R above, OR 
below. Fig. 4. ooP2. ^' E. -JR above, -iE. JE below. 

Fig. 5. coF2. ■^■-■^' ^R- R- -2R. iESaborc, R. -J- R. 
below; from St. Lawrence Co., W. Y. 

Atidalusite. SI Si. ORTnoEnoMnio. 

SvN — Chiastolite, Made, Hohlspalh. 

It crystallizes as a right rhombic prism of 94° 4S'. The crystals usually 
affect the form of the prism, sometimes with the faces of the macro- and 
brachydome, Fl. IX Figa. 0-8 ; and sometimes this form is associated 
with the brachydome and a macroprism, Mg. 9. These prisms are easily 
mistaken for the square prism, as their angle varies so slightly from a right 
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angle. A particular disposition of AndiJusita is called CWaatolite or 
Made. This name has however no connection with the erystallographio^ 
property known as macle. The mineral has generally been found in black 
schistose rocks. In crystalUaing it frequently envelops tliem, as we have 
seen tliat it did under Mica. This absorption of the schist is, liowever, 
made in accordance with a law ; the foreign substances are regularly 
placed in the crystal, following a law which varies from one crystal to 
another and may even vary in the diffrirent parts of the same crystal 
The color of the mineral is a reddish-white and the schist is black, so that 
the appearanco of the crystal when oat perpendicularly to its greatest axis 
will show the disuosition of the mineral and the schist, Wigs. 10-16; at 
the two extremities of the same crystal it is almost always different, Figs. 
12, 13, Ifi. These masses are also characterized by the interpenetration ol 
Mica. They are often partially decomposed. It has a very easy cleavf^e, 
parallel to tlie prism, which is very marked in the transparent varieties 
from Brazil, but less so ia the opaque ones. It has two Other cleavages 
less easy, parallel to the macro- and brachypioacoid. Praoture, unequal. 
The fracture of the hacillary varieties is granular. It has a vitreous lus- 
tre which is quite apparent in (he transparent varieties, but not So much 
so in the opaque ones. It ia often earthy. Transparent, translucent, 
opaque. Color, whitish, rose-red, flesh-red, violet, gray, reddish-brown, 
olive-green. The transparent varieties have a clear greenish color in one 
direction ; in the other by transmitted light it is dark blood-red. It thus 
presents the phenomenon of dichroism. The compact masses have 
almost (ilways a rosy tint. The starry varieties are whitish-gray or some- 
times reddi^ Streak, colorlp,ss. H.=t.5 in the transparent, and 3.1-3.2 
in the opaque varieties, ©.=3.05-3.35. Composition, SI 63.3, 8i 36,8. 
The earthy varieties of Audalusite, which are not pure, do not correspond 
perfectly to the formula; they sometimes contiun as high as 5-7^ of Pe, 
and a small quantity of Ca and Sig, which is sometimes substituted 
for the SI with which it is isomorphous. Il is tliis iron that gives the 
greenish tint to the crystals. 

Pyr. &c. B. P, Infusible. With cobalt solution, gives a blue 
color (SI). With boras, usually reacts for iron. Not acted on by acids. 

The opaque and stony varieties are found in the metamorphic rocks 
roughly crystalhzed. They generally occur in groups of large crystals 
almost always covered wiiJi, or penetrated by Mica. This structure gives 
an apparently easy cleavage in certain directions. It is also frequently 
found in baciilary masses, composed of fibers placed together either 
parallel, or more rarely somewhat diverging from a common center. It 
may be confounded, when in bacillaty masses, with certain red Tourma- 
lines ; the form of the ciystal, however, is different. Tourmaline reacts 
for boracic acid, and Andalusite does not. It can also be distinguished 
by its maeles. The Mica, which is almost always found with it, may he 
used as an empirical character. It might also be confounded with some 
varieties of Pyroxene, Wemerite, Spodumene or Feldspar; all of these 
are however fusible. It is found in most of the New England states and 
Pennsylvania. 

PI. IX. 
Fig. 6. 00 P. OP. f oo. mg. 7. osP. fco. OP; the brachy- 
dome predominating. Pig. 8. The combination Mg. C, with P oo. Fig. 9. 
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00 P. a;P2, OP, f CO. 2f2. M^s. 10-16. Seolions of crjBtols 
of Ohiiistolite, Bhowiiig tlie moat \isual markings, Mg, 12. Section 
from opposite ends of tlie same crystal. Mff. 13. The same. Fig. 15. 
Apparently a twin crystal. Fig. 10 shows the variation of the 
markings' in the successive portions of a single crystal. 

FIbrolite. SI S'u Mohoolinic 
Syn. — Biicholaite, Sillimanite, Xenolite, Monrollte, Bamlite, Faserkiosel. 

It crystallizes as an inclined rhombic prism of 90° to 98°. The crystals 
are gener^ly rough, so that the angle cannot be determined exactly. In 
the rough Tarieties the angles are large. The crystals are generally long, 
Blender, sometimes rounded and very rauchstriated, and rarely terminated. 
It has an easy cleavt^e, parallel to the otthopinocoid. Fracture, uneven. 
Lustre, vitreous. Transparent, translucent, opaque. Color, brown, gray- 
ish-white or green. Streak, colorless. H.=6-7. «.=3.2-3.3. Com- 
position, M 63.2, Si 36.8. Tlie SI may be replaced by 2 ^ of Pe or 0.8 ^ 
of fig ; even fl is also present in very small proportions. 

I^r, &C. B. P. Infusible. Not acted on by acids. 

The crystals are usually found imbedded in Gneiss or Mica Schist. As 
they are fibrous or very highly striate<3, they might be mistaken for varieties 
of the Amphibole group, but these are fusible while Fibrolite is not. It 
might be mistalcen for Cyanite, but this shows flat crystals which are 
bluish and nearly rectangular, while Fibrolite is fibrous and rhombic in 
form. It is found in Massachusetts, Connecticut, New York and Penn- 

Cyanite. 51 Si. Tbiclinic. 

Syn. — Kyanite, Distlien, DisthSne, Ehpetizite. 

It crystallizes as a doubly inclined rhombic prism of 97°4'. lis angles 
are coPoo A a. f O3=106' 16', OP A cx-P co=100° 50', OP A 
coPco=S)3'' 15'. Sometimes it is found in isolated bacillary crystals in 
the rock. Which are easily distinguished by the characteristic bluish color. 
These crystals are generdly the primitive form alone, or combined with the 
macro-andbrachypinacoidsano ahemi-clinodome. PL IX. i%s. 17-20. 
Generally the mineral is found as lamellar masses, or asflbrous crystals joined 
together either parallel to each other or radiating froin a common center. 
Herailropes parallel to the vertical axis occur quite frequently, J^. 20 The 
eolorofthemassesisgenerallyblue. It has three cleavages ; one very easy 
-and the other two less so. The first of these cleavages parallel to the macro- 
pinacoid, which is the one ofteneat seen, gives a brilliant surface which is 
polished and has a vitreous lustre. The second, parallel to the braohy- 
pinacoid is less brilliant and is. less easily produced, but still quite pro- 
nounced; it is smooth and brilliant with a vitreous lustre. The third, 
Earallel to the base is more difficult, has no lustre and is fibrous. In this 
lat cleavage there are so many Ktriations, as to render the measurement 
of the angles very difficult. Lustre, vitreous or pearly. Transparent, 
translucent or opaque. Color, blue, white, or a combination ot white and 
blue, gray, green, black. Streak, colorless. II.=5-7.25. G,=3.45-3.7. 
Composition, Si 63.2, 8i 38.8. Its hardness varies on the different faces. 
PjT. &c, B. P. Infusible. The colored varieties become white. 
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"With borax, it gives a oolorlesa transparent bead, Wot acted on by acids. 
White varieties are also found and are called Rhjetlzito ; the blackish and 
yellowish colors are generally occidental, and are caused by organic mat- 
ter or iron. It can almost always be recognized by its crystalline forms, 
and its assooiatioti with Mica and Quartz, but it is espedally characterized 
by its bluish color, whence the name Oyanite, from Ktianos, blue. When 
blue and perfectly transparent^ it is cut as a gem and used to imitate Sap- 
phire. It might sometimes resemble some of ihe varieties of Amphibole, 
but it can be easily dislinguished from it by its infusibility. The colorless 
varieties might be mistaken for Diaspore, but Cysnite does not give off 
water when heated. Short crystals may sometimes resemble Staurolite; 
they differ however, in their terminations and cleavage. It is found 
abundandy in the U, S. White, blue and green \ ' ' 
New York Island. 



PITK. 
Mg. 17. OP. co'P. CoP', co^oo; usual form, but the base is 
rarely observed. Fig. IS, The preceding, with coP go. Fig. li). The 
preceding, with 'P,co, Fig. 20. Twin crystal. 

Topaz. SI Si. ORTHonaoMBia 
SrN.— Topag, Topaz e, Pycnite, Pyrophysalite, Physalite. 

It crystallizes as a right rhombic prism of 124° 17'. There are three 
types which it usually takes, especially in the bluish varieties. The first 
type is shown in P2, IX, Mge. 21-23, They frequently however, have a 
much greater number of faces. These crystals appear to be rectan^lar, 
the angle between the btachydome being 92° 42'. In the yellow or slightly 
colored varieties which are found in Saxony, the faces of the braohydome 
are generally greatly developed, and replace the base completely, or 
almost completely, Fig». 24, 25. The last type ia that of the orange 
varieties Ivoxa Brazil, in which the octahedron replaces the base, PI. X. 
Fig. 2. Cleavage very easy, parallel to the base. On account of the 
cleavage it is rare to find perfect crystals. Fracture, cocchoidfti or uneven. 
Lustre, vitreous, bright but unequal on the different faces. The vertical 
faces are generally striated and dnil. Transparent, translucent, opaque. 
Color, blue, green, yellow, orange-yellow, red and colorless. The colors 
vary with the locality and crystalline form, and appear to be generally 
owing to organic substances. Streak, colorless. H.— 8. ©,=3.4-3.65. 
Composition, Si 15.17, AI 29.58, 3467, Fl 28.58; one-fiOh of the 
oxygen of 3i is replaced by Fl. 

Pyr, &C B. P, InfiisiWe. The yellow varieties when heated 
take a pink or red color, and are then known aa burnt Topaz. If the 
heating is continued, it becomes colorless. Partially attacked by S. 

Nebular masses are often distinguished in Topaz. On examining them 
witli a glass they are found to be made up of very small cavities, which 
are often quite regular and seem to have the shape of a crystal of Topaz. 
Those cavities usually contain a drop of liquid, which generally shows a 
little bubble of gas. The.'ie cavities have been found large enough to 
admit of the chemical examination of the liquid, ivhich was found to be 
one of the hydrocarbons. This liquid is extraordinarily volatile. If the 
crystal is heated to 20° or 30° C, the liquid is volatilised, which, with the 



.d by Google 



LECTURES ON MINERALOGY. 65 

change oF color, would appear to show that the mineral was formed at a 
low temperature. In the very rare cases in which it has been possible 
to examine it, it liaa been found to he a hydrocarbon which must have 
been liquified under an enormous pressure. In the colored varieties of 
Topaz the color in not onlj variable, but the shades of color are ottea 
arj'anged in zones vrhich are sometimes eoncentrie. In some of the 
streams of Brazil, pebbles of Top^ which are perfectly colorless are 
found. These varieties are often called Water Drops. Their hardnesa 
might cause them to be confounded with Quartz or Beryl, hut their 
density is quite different. That of Topaz is 3.5, while that of Quartz and 
Beryl is ^out 3.5. The cleavage is also different, being very easy in. 
the direction of the base, which would easily distinguish it from Quartz, 
Tlie varieties called Water Drops {gouUes ^eau) are frequently used to 
imitate the Diamond ; they have very much less fire and possess double 
refraction, while the Diamond is only simple. The cartliy variety of 
Topaa is known under the name of Pycnite. It is found in a rock asaocia- 
led with Mica. The general appearance of this rock is usually very char- 
acteristic. The Mica is almost always of a dark color, and the Topaa is 
ill Sayuei(es placed together in parallel lines and separated by Mica. These 
haguMes can thus be very easily separated the one from the other by a 
stroke of the hammer, and show Uie peculiar cleavage of Topaa. The 
color of this variety is always yellow aad slightly greenish, and is not 
liable to be mistaken for anything else. In Sweden, large crystals of 
earthy- Topaz have been found analogous to Beryl. These varieties are 
called Pyrophysalite. The difference in the ease of cleavage and in 
density will readily distinguish Uiem. It is easily distinguished from 
other minerals which it resembles by the great ease and brilliancy of its 



cleavage. It is found ia the tT. S., at Trumbull, Ct,, in N. Carolina and in 
Utah. 

POR.MDLJB OF TEE CHYSTiLS. 


PI IX. . 




Flg..2l. coP. coPU. OP. 2Pa>. fP. 


tP2; from Saxony. 


Jiff. 22. coP. coP2. CC.P3. OP. 2fco. 


4fco. fP. Fig. 33. 


osP. coP2. OP. SP. P. 2 P. mg. 


24. CO P. CoP2. 


2 P 00. P. Fig. 25. The preceding, with P. 


PI. X. Fig. 1. CO P. 


c»?2. P. JP2. 2 Poo. Fig. 2. coP. Co 


P2. P; from Brazil 


Fig. 3. ccP. 03^2. ccfoD. OP. P. 


%-p. 0%. 4 P 05. 


|Pco. 




Euclase. (f S'+f Be'+| SI) Si, 


MONOCLINIC. 


Stn.— Eukias. 





It crystallizes as an inclined rhombic prism of 115°. Its ordinary Jprm 
iathe prism with clino- and orthopinacoids ; the prism is generally termina- 
ted byaelinopyramid which ia very much inclined, so that the crystal is ter- 
minated by two very sharp pointa, PI. X. Figs. 4,S. The crystals are also 
often striated in the direction of their length. It has a very easy cleavage 
parallel to the clinopinacoid ; on account of the great ease with which this 
cleavage is produced, it is very difficult to find perfect crystals. Fracture, 
conchoidal. Lustre, vitreous and somewhat pearly on the cleavage faces. 
It is always transparent. Color, greenish-blue, yellow and colorless; the^ 
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color is not always the aame at the two extremities of iie ory_st(il. Streak, 
colorless. Very -brittle. H.=7.5. C.=3.098. Composition, Be 17.4, 
SI 35.3, Si 41.1, S e.2. K is present in variable proportions. It appears 
to replace the oxygen, so tllat it is Impossible ia refer this mineral to any 
very well-defined ioroiula. Otherwise it very much resembles tUe com- 
position of Phenacite. . . 

Pyr. &C. B. P. In a closed tubs yields water; fuses, with intum- 
escence, at 2. Kot. acted on by acids. 

The gangoe of Euclase appears to be massive Hematite, but it is rarely 
found in place. As yet it has only been found in Braail in the same locali- 
ties fts Diamond. It is sometimes used by jewelers on account of its very 
freat lustre. It is too brittle however, to be much used as an ornament, 
t is a very rare mineral and has only been found in the TJrols and Brazil 

Mff. i. coP. coP2. coPro. cotco. |ff f co. ^P 2. 
-P. Mg. 5. The same crystal in a different position. 

IDatotite. (Oa', S', B) Si. Mohoolikio. 
SYJT.—Dath elite, Botryolitc, Humboldtite. 

It crystaliizes ia an inolmed rhombic prism of 115° 3'. It ia very near a 
right rhombic prism however, the angle between the fta-se and the prism being 
90° 6' only. Its ordinary crystalline forma are sliown in PI X. Mgs. 6-8. 
The faces' are generally striated in the direction of tbeir !ength._ Clea- 
vage easy, parallel to the base. The fracture of Datolite is concboidal and 
smooth, and at the same time lamellar and scaly. On tlie lamellar frac- 
ture the lustre ia very vitreous and bright, and sometimes even pearly. 
The ciystals often sliow mirrors. On the conchoidal fracture the lustre is 
geaerally resinous, but is sometimes also vitreous and bright. ^ Transpar- 
ent, translucent, opaque, Oa the natural faces tie lustre is vitreous and 
very bright. Color, slightly green or whitd. grayish, yellow and amethyst- 
ine Streak, white. Brittle. lt.=5-5.5. G.=3.8-3. Composition^ 
Oa 35.0, H 5.6, E 21.9, Si 37.5. 

Pyr. &c. B. P. lu the flame without the aid of a blowpipe, the 
transparent varieties become opaque, friable and lose water. Fuses, 
with intumescence, at 2 (o a clear bead, which colors the flarao green on 
account of B ; this is especially apparent with bisulphato of potash or 
Fluorite. Gelatinizes with acids. ti ,- 

A mineral, the composition of which is almost tlie same as Datolite and 
■which has been called Botryolite, is usually placed with Datolite. It ia 
mot crystallized, but is found in little spheroidal concretions. The wliite 
.'compact variety ia found at Lake Superior associated with Copper. It 
;was formerly found ia great nhundance at Bergen Hill, N. J. It is also 
found'at Lake Superior. Until these discoveries were made the minerd 
■mm exceedingly rare. 

rOBMUL^ or IDE CRYSTALS. 

Mg.- G. CO P. OS tS. OP. 2 P. -2 P 05. 2P<x. -2 ? 2. 
Fig. 7. coP. coPco. OP. -4P. 2P. JP. ^P. -2Pco. 
JPt». 2P<x. 4fai. Mg.S. ooP. coPco. OP. | P. P. J P. 
ap, -4P. -8P2. -2Pco. -ePco. ^6P3. 2Pco. 4Pco. 
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Tltanite. (Ca+Ti) Si. Mohoolikio. 
Sin. — Sjthene, Greenovite, Spinthdre, Semeline, Casteliite, Lederite.Pictite, 

It crystallizes in an inclined rhombic prism of 113° 31'. The light- 
colored varietiea have generally two types, PI. X. Figa, 9, 10. The 
crystals are often very flat in the direction of the vertical axis. Tliefie 
crystals are usually very smaU and detached, and their color may vary 
from white to brown. The central part of the crystal is usually of a 
clearer color than the rest. Other varieties, usually of a honey-yellow 
color, are generally lengthened in the direction of the orthodiagonal and 
have fewer modifications, Mg. 14. The acute angles are usually of 
darker color than the rest of the crystal This form is susceptible of a 
very remarkable macle around the face of the orthopinacoid giving rise 
to a very deep reentrant angle which is characteristic of this variety; A 
twin by interpenetration also occurs frequently, Mg. 15. The color of 
this variety ia mixed and variable. The varieties which are of a dark 
moroon-brown have a type, Mg. 11, which is very different from the pre- 
ceding. They are usually flatteaed cryKtak disseminated in a mass of 
Quariz, Soapolite or other minerals. This form someiJmeB becomes a 
flattened octahedron. This variety of Titanite might be confounded with 
Zircon or Garnet. The rose varieties are called Greenovite and have a 
much more resinous lustre, Fig. 12. The color ia somewhat inclined to 
violet. It is found in lamolte and its color is owing to manganese. This 
variety is quite rare and is only found in manganese mines, often associated 
with violet Epidote and other oxides of manganese. The crystals of Tita- 
nite are often hemimorphie. It has a cleavage more or less easy, parallel to 
the prism and another less so parallel (o ^e orthopinacoid. Fracture, 
imperfectly eonehoidal or uneven. Lustre, resinous and sometimes very 
bright, almost adamantine, except in the rose variety which is only rean- 
ous. Transparent, translucent, opaque. Color, nearly white, black, 
greenish-yellow, orange-yellow, and all the shades of green and brown, 
maroon and rose. Streak, white, reddish in Greenovite; H,=5-5.5. 
Ci.=3.4-3.56. Composition, Oa 21-28, Ti 33-43, Si 30-33. The rela- 
tion of the fi, B and Si is 1 : 2 : 2. It will bo seen that tlie fi+H=:K, or 
that the formula might bo written H Si, The relation would then be 3 : 2. 
The Ca may be replaced by Sg or fe. 

Pyr. dec, ■ B. P. The transparent varieties are fusible wilh diffi- 
culty : the dark colored ones change color, becoming yellow, and fuse at 
8, wiui intumescence. Gives reactions forTi, Decomposed by§ and HCl. ' 

It is sometimes found in brown crystalline masses which show an 
apparently rhombohedral cleavage, Titanite occurs in Syenite, Gneiss, 
Uica, Slates and limestones and sometimes in volcanic rocks associated 
witli Pyroxene, Hornblende and Nephelite. It is found in very largo 
crystals at Natural Bridge and elsewhere in New York, Also in Maine, 
Massachusetts, New Jersey and Pennsylvania 



Fig. 9. OS P. CO Pa.. 2 P. Pco. -5Pco; form of Spinthere. 
Fig. 10. CO P. OoPco. 2P, OP; form of Semeline. i^. 11. 2 P. 
OP. odPoo. Fig. \1. 2P. -2P. -4 P. ^ P co ; Greenovite. Mg. IZ. 
CO P. coPco. OP. 2 P. -2P; Lederite. Fig. 14. coP. Pos, 
i P OS. P ; a very frequent form. Fig. 15. Twin crystal by interpene- 
fa'atioo parallel to P. 
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Staurolite. (S(l S+f ^Slg+i *'e)=+ J Si)' Si'. OiiTnoitnoMBio. 

Svs.— Staurotide. 

It ciyatallizes as a right rliomWo prism of 129° 20' ; the crystals are 
sometimes simple, PI X Mgs. 16-18. It is more frequently macled 
ill the shape of a greek or St. Andrew's cross, Mff. 19, 20, and PI. XI. 
Fiffs. 1, 2. When they are at right angles, the crystals are plaoed together 
by the faces | fee, so that the fiices of the braohypinaooid are almost at 
right angles with eaeh other- tliis is the most frequent form, i"^. 20. 
■When the macle is inclined, uie axes intersect at an oblique angle. Fig. 
19 and Fl. XL Fig. 2. Even the cirstals which appear simple, are 
usually macled, as shown in I^'g. 3. It has a cleavage parallel to the 
brachypinaooid. Its fracture is conehoidal and unequal, sometimes 
lamelfat when the cleavage is distinct. Lustre, vitreous, resinous whea 
not altered, otherwise earSiy, Translucent, opaque. Color, dark reddish- 
brown, brownish-black or yellowish- brown. Streak, colorless or grayish. 
It shows a remarkable diohroism. The brown transparent varieties 
appear blood-red by transmitted light. H.=7-7.5. <ji.=3.4-3.3. Cora- 
position, fl l.T, Sig '2.5, fi-e 15.8, ai 51.7, Si 28,3, A variety from Swe- 
den shows 11.61 ^ of Sa. 

Pyr. &c. B. P, lafusible. The dark varieties become fritted 
in the K, P. and sometimes give a magnetio globule. The manganesian 
Tarieties fuse easily to a magnetic mass. With borax, tlie reactions for 
iron are shown. Insoluble in acids. 

It is frequently found associated with Cyanitc. At St^ Gothard the two 
minerals are almost always found together. It is usually easily distin- 
guished by its color, form, and association with Cyanito. It is found 
abundantly in the U, S. 

FOBMCtJE OF TUB CRTSTAL3. 
PI X. 

Mg. 16, CO P. CO Poo, OP; primitive form. Mg. 17, The prece- 
ding, with P CO. Fig. 18, The same, but with oof CD predominating. 
Mg. 19. Oblique twin crystal. Fig. 20. Twin crystal; composition- 
face | Poo. Fl. XI. Fig. 1. The same as the preceding. Fig. 2, 
Oblique twin crystal. Fig, 3, Section of a crystal showing the stna- 
tiona from twinning. 

HYBROtrS SILICATES. 

I, Bi silicates. 

Pecioliie Group. 

PcctOlIte. (J D-l-J Sa+f ta) Si. MOKOOLINIO, 

Stn.— Pektolith. 

It crystalliaes in an inclined rhombic prisnl, and is isomorphoua with 
Wollastonite, Distinct crystals are rarely found. It is almost always in 
columnar or fibrous masses, which are divergent, Tlie fibers are some- 
limes 5-6 c. m. in lengtli, and are oflen in very shaip crystals easily de- 
tached. It has an easy cleavage parallel to the orthopinacoid. Lustre, 
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vilreous or silky. Transparent, opaque. Color, white, gray, or brown 
when altered. Strealc, coloriesa. Tougk H.=5, Ci. =2.63-2.78. 
CoraposHion, H 2.7, fla 9.3, Oa 33.8, Si 54.3. 

Pyr. dec. B, P. in a closed tube yields water. Puses at 3 to a 
white enamel. Gelatinizes with acids. Sometimea phosphoresces. 

It is generally found in trap rook, in cavities and thin seams. A white, 
compact vatiety is found at L^e Superior. It resembles Ti'emolite, but 
is distinguished by gelatinizing with acids. It can l>e distinguished from 
NatroJite by its mode of occurrence. Tlie compact varieties resetiible 
Wollastonite ; the presence of Sa, SI i^nd S disliiiRuishes it. It has been 
found in beautiful radiated masses at Bergen Hill, N, J, 

liBiimontltc (i Ca'+J 51) Si' +3 3. Monoclisio, 
Stn. — Lanmonite. 

It cry s tall ij-.es as an inclined rhonihic prism of 8G" 16'. It has a clea- 
vage parallel to Che clinopiaacoid and another parallel !o the prism. 
The usual forms are given in PI. XI. Figs. 4, 5, 6. The 
crystals are rarely complete; they are generally broken, or simply 
hagveltes without definite form. Fracture, uneven. Lustre, vitreous, or 
pearly. Transparent, translucent, opaque. Becomes opaque from loss of 
water. Color, white, somewhat red or yellow. Streak, colorless. All of 
its external characters are however variable as the mineral is generally 
more or less decomposed by loss of water. H,=3.5-4, G.=2.35'2.3G, 
Composition, Oa 11.9, 51 21.9, Si 50.9, S 15,3: ' The B mav vary. It is 
always lost by exposure to the air, so Uiat the substance fells to pieces and 
can only be preserved under water or coated with gum. 

Pj'r. Sec B. P. Swells and melts at 2.7-3 to a white enamel. 
Gelatinizes with acids. 

It is usually found associated with Calcite and Quartz. It occurs at 
Berjjen Hill, N. J., and is. found abundantly at Lake Superior and 
elsewhere. 



PI. XI, 
Fig. 4. CO P. 2 P co; the most usual form. Fig. 5. co P. coP cc. 
2Pa.. CPoo. -2P03. -P. Fig. 6. a>P. cai cc. 2Pco. OP. 
P. -P. 

Diopiase Grovp. 

Dfoptase. Ou Si+S. Hexagonai.. 

Syn. — Achirite. 

The primitive form is a rhombohedron of 120° 24', but it is found aa an 
hexagonal prism terminated by one or more rhoaibohedra, PI XI. 
Figs. 7, 8, It has an easy cleavage parallel to the rhombohedron, 
Fracture, conchoidal or uneven. Lustre, vitreous. Color, emerald-green, 
which is sometimes bluish. Streak, green. H.=5. 0.= 3.2 76-3.48. 
Ccmposition, Cu 50.4, Si 38.3, S 11.4. 

PjT. &c. It. P. Decrepitates, loses water, becomes blackened 
and gives a half-melted scoria. In the R F. with Soda, gives a globule of 
copper. Soluble in ammonia. Gelatinizes with acids. 
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On aceount of its color it might be mistaken for Emerald; it 
easily distiugiiisheii by its hardness and blowpipe reactJons, 
It is found in the Steppes of Siberia and ie a very rare mineral. 

FORMOL^ OF TUB OErSTAia. 

PI XI. 

^3,7. CiOP2. —2R; the most usual form. Mg. S. coP2. 
— V E V- — 2 R I; the last two forms are hemi-soalenohedral. 



It is amorphous and has a composition varying around the formula. 
Fracture, smooth dud conohoidal. Lustre, resinous, vitreous, shining, 
earthy. Translucent, opaque. Color, bluish-green, sky-blue or turquoise- 
blue: sometimes brown or black, when impure. Streak, when pure, 
wliite, H.=2-4. «.=2-2.38. Composition, Cu 45.3, S 20.5, Si 34.2. 

I*yr. Sec B, P. In a closed lube, blackens and gives off water, 
Decrepitates and colors the flame green, but is infusible. With fluxes, re- 
acts for copper. Soluble in acids without gelalaaiBing, 

The resinous fracture makes it resemble the resinous varieties of Quartz 
and Feldspar, but these substances rarely have blue colors. Chrysocolla is 
distinguished from them by being soluble in acids, and many varietjea 
e?en in ammonia, giving- the characteristic colors of copper. The blow- 
pipe also shows copper. It is sometimes found in large masses with other 
ores, especially in the upper parts of veins, but it is rarely rich in copper ; 
when pure it contains about 30^ and is a valuable ore of copper. 

IT. Unisilicates. 

Calumine Group, 

CalHinine, 2n' Si-l-fl. ORTaoEnoianic.. 



It crystallizes as a right rhombic prism of 104° 13', with an easy 
cleavage parallel to the prism, and a less easy one parallel to tlie base. 
Tiie simple crystals are usually short and thick, and show a great want of 
eymmetry, PX XL ^'ga. 9^17. It is quite easy to distinguish "Cala- 
mine from 'Willemite, because the terminal modifications are arranged by 
2 and 4 and not by 3 and 6. It is usually bomimorphic. Crystals which 
are tliin, par^lel to the brnchypinacoid are also found, which sometimes 
become real lameilce, having a silky lustre and filled with little open 
spaces in every direction. Fig. 11. Twin crystals, joined tOEether on 
the base also occur. Fig. 18. Fracture, sometimes lamellar, sometimes 
uneven or conchoidal. Tlie transparent crystals have usually a vitreous 
lustre, which is soreietimes adamantine. On the base it is pearly. Some- 
times, on account of impure reflectionSj it appears silky. Transparent, 
translucent, opaque. 'When crystallized, it isalmost always colorless and 
(ransparent. When concretionary, it is yt'llow. and sometimes blue or 
green when mixed with salts of copper. Streak, white. When healed, 
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it becomes electric, which gave it the name of Electric Calamine. lEs 
forma are hemihedral. with inclined faces, as is usual with crystals which 
become electric. H.=4.5-5. G.=3.16-3.9. Composition, 2q 67.5, 
fl 7.5, Si 25. 

Pyp. &C. B. P. Heated in a tuhe, decrepitates and gives off water 
and becomes milky-whits. Fuses at S. Gives a green coloi with nitrate 
of cobalt. With soda on Ch,, a coating is formpd, which is yellow while 
hot and white when cold. Grelatinizes with acids. 

It is found as crystalline incrustotiona and also eoncretranary m httle 
mamelona covered with, crystals, showing concentric bands of different 
colors. The fracture of these mas.=eg is fibrooa ■flhich distinguishes them 
from the carbonate (Smithsonite), which is scaly. It is fouad compift and la 
then distinguished from the carbonate by its hardness Itsftactuce la rough. 
Its color is then ■whitish, sometimes yellow or brown when it is impure, 
and it is filled with cavities which contain crystals of Calamine, Willemite 
or Smithsonite, It is sometimes called Electjic Calamine. The name 
Calamine is sometimes wrongly given to carbonate of zinc, which is 
Sroiihsonite. It was changed for no good reason and tends to create 
confusion. It is, however, Uie industrial name in many districts and it is 
frequently impossible to know without trial what the ore is, though the 
distinction Bleofrio Calamine for the silicate and simply Calamine for the 
carbonate is made. 

The lamellar variety resembles Stilbite. Its want of fusibility, gelatini- 
zing with acids, and the coat given off before tho blowpipe distinguish it 
It is also electric when heatea. It is sufficient to heat'i^ and to brin" it 
near a light body to show its repelling action. It is easily distinguished 
from Smithsonite by its action with acida; by its intusibility, from ores of 
lead; and from certain Chalcedonies which it resembles, by its inferior 
hardness and gelatinizing with acida. Calamine is a valuable ore of zinc. 
It is foutid abundantly in Pennsylvania, Vii^'inia and Missouri. 



Fl XI. 

Mg. d. 03 ? 00. CO P, OP, 3 P CO ; below, 2^2. .i%: 10. The 
preceding, with 3 f Co. Mg. 11. Co f Co. Co P. 3 P ce>. P Co ; below, 
2?2. Iig. 1%. CoPco, CoP. SPoo, Pod, OP; below,2?2, 
^g. IS. ootco. ooP. Pco. OP; beIow,2f2. Mg. U. co t^oo. 
OOP. foD. 3Po3. Poo; below, 2f 2 and Poo. Fig. ^5. odPod. 
oofoo. coP. 3Po3. 3Pa5. Poo. f oo. OP; below, Sf 2. 
Mg. 18. Tho preceding, with 2 P2, 2P2 and 4P4 above. Mg. 17. 
CoPoo. .COFOD. coP. cof'G. 7f'co. 2P2. 4P|; below, 2^2. 
Mg, 18. Twin crystal ; composition-face P, The two crystals are 
joined together by the lower extremities, 

Prehnito. (J S'-hf Ca+| Sl)» Si'. OETHonnounic. 

Sm.— Koupholite, Chrysolite du Cap, 

It crystallizes in the right rhombic prism of 99' 58', with an easy cleav- 
age parallel to the base, which is perhaps less a oleavi^e than a tendency 
Of composite crystals to separate, as the apparently simple crystals ace 
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often made up of others. It is sometimes found as simple crystalg, PI. XI. 
Mgi. 10, 20, which are usually very small, only slightly colored and which 
might be mistaken for G-ypsum, but they are very much harder. This 
variety which is called Koiipholite, is usually associated with Asbestus and 
Epidote. Another form resembles Barite, but is distinguished with a little 
Bttention, as all its characters are different. The simple forms of 
Pr^nite, Figs. 19-22, are rare; it is almost always found in complex 
crystals. Sometimes single crystals are placed together by tlieir bases, 
but not exactly parallel the one to the other, so that while the prismatic 
feces are straight the bases are curved. At other times the crystals are 
fan-shaped, placed together parallel to the brachypinacoid. Very large 
masses are sometimes formed in tllis way. It is also found in mamelona- 
ted masses showing the ends of crystals. The fracture of these masses is 
fibrous and diverging. They are easily recognized by their greenish color, 
their semi-transparency and their resinous appearance. Fracture, unequal, 
often fibrous, sometimes scaly. It has a vitreous lustre, which is often, 
resinous; pearly on the base. Transparent, translucent Color, yellow- 
ish-green passing to white or gray, often faded from exposure. Streak, 
colorless. Pyroelectric. H.=6-6.6, G.=2.8-2.95. Uomposition, Ca 
27.1, fi 4.4X124.0, Si 43.6. 

Pyr. &c, B. P. In a closed tube, gives off water and becomes 
white. Fuses at 2, with intumescence, to a blebby glass. Some vai'ieties 
blacken and give an organic odor. With acids, it is decomposed without 
gelatinizing. 

It is usually found with the Zeolites, but does not belong to that fami- 
ly. Itsometunes resembles Beryl, green Quartz and Chalcedony, It is 
distinguished by its fusibility and solubility. It is much harder than any 
of the Zeolite family. It is sometimes polished and used for ornamental 
work" and is found in many localities of the U, S. 



PI. XI. 
i%. 10. OP. CO P. Fig. 20. OP. c» f co. OoP. Fig. 21. Oi P. 
OP. cofcD, 3PC0. Fig. 22. coP. OP. ccPoo. P. fPt». 
Chloragtrotite. (Oa', Sa')' gi=+2 (51, Pe)= gi'+6 tt. 
It is never crystallized, but is found in radiated, globular masses, 
sometimes in a gangue of' sandstone, but generally detached from it in 
the sand. Fracture, uneven. Lustre, vitreous or pearly. Opaque. 
Color, light bluish-green, showing difieient shades in rings. Slightly 
chatoyant on the .fracture. H. =5.5-6, G.=3.18. Composition, 
Sa 5.2, Ca 18.7, Pe e.i, XI 24.6, Si 37.C, H 7.5. 

Pyr. &C. B. P. In a closed tube, gives off water and becomes 
white. Fuses easily, with intumescence, to a grayish glass. Reads with 
Suses for iron and alumina. Soluble in acids, with separation of fioccti- 
lent eUica. 
It is found only oa the shores of Lake Superior. 

Apophyllite Group. 
Apoplirllltc. (i fi+i (J i -i-| Ca))' Si-l-fi Si. Tetragosal. 

SvN. — Ichthyopthalmite, Albine. 
It occurs in several different types of crystals, Pt XI. Mgs. 23-25 



.d by Google 



LECrUBES ON MINERALOGY. 73 

. '• 23, 24, 

ia fotind. This form is sometiraea so much flattened as to resemble a cube, 
hut the vertical faces are always striateU and the base pearly. The prism 
ia often nunnounted by the octahedron of the first order, which has a 
vitreous lustre, while the prism is striated and curved, Fig. 25 and 
PI, XII. Fig». 1, 2. Stimetioies the octahedron alone is found, Mg. 3, 
These crystals are usually more or less broken, on account of the cleavt^e, 
and show the usual pearly lustre of the base. The next variety is very 
much flattened, the base predominating, Fig. i ; or the octahedron has 
almost obliterated the faces of the prism. Fig. 5. These forms might be 
mistaken for Barite, but the cleavs^e will distinguish it. It has a very 
easy cleavage parallel to the base, and a less distinct one parallel to the 
prism. Lustre, pearly on the base and on the cleav^e parailelto it; on the 
other faces it is vitreous. It ia almost always transparent, or at least 
translucent. It sometimes has an earthy appearance, owing to com- 
mencement of decomposition. Often colorless, sometimes elightly yel- 
lowish, greenish, bluisli or flesh-red. In the Hartz Mts. and in India, 
a rose variety is found, which is very much esteemed. At Bergen Hill, 
Ni J., large white and transparent crystala were found. A white, opaque 
variety from Bohemia is called Albine, Fig. 2. The translucent, lamellar 
varieties having the lustre of a fish's eye are called Icthyopthalmite, 
Streak, coloriess, H.=4,5-5. G.=2,3-2.4. Composition, S 16.7, 
& 4.8, Ca 23, Si 55.5. 

Pyr. &o, B. H. In a closed tube, it exfoliates, loses water 
which is acid, and becomes white. Fuses at 1.5, giving at first a blebby 
glass, but afterwards a vitreous globule. Reacts for fluorine. Soluble in 
acids, giving slimy silica. 

It is also- frequently found in imperfecfJy crystalline, lamellar masses, 
made up of a large number of crystals wedged together, thus makin" a 
very fragile maas. These varieties usually have an earthy aspect; they 
are whitish or bluish and sometimes rosy. This opacity is owing; to com- 
mencement of decomposition, the mineral Laving lost part of its water. 
It is easily distinguished by its lustre, cleavage and hardness. It might be 
mistaken for Barite or Celestite, but the hardness and peculiar lustre, 
density and action of acids distinguish it. Very large crystals have been 
found at Bergen Hill, N. J. Some of these have been altered to Pecto- 
lite. 

PI XI. 

Fig. 23. OJPos. OP. Mg. 24. coPoo. P. OP. Mg. 25. 
coPco. P. PL XII. Mg. 1. oiPoo. coP2. P. Fig. 2. P. 
00 Poo. OP. Mg. 3. P. Mg. i. OP, oaP Co. P. Fig. 5. The 
preceding, with P further developed. 

A certain number of the hydrous silicates, which generally contain 
for ft the alkalies and Ca, and for H, SI, have been placed together and 
called the Zeolite Group. The greater part of them have a composition 
which is almost identical. They are however distinct in crystalline fonti 
and present sufficient variation in the chemical compo^tion to be regard- 
ed as species and not as varieties. 'They are all, or nearly all, found 
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under the same circumstances end many of them together, and even 
associated on the same specimen. Their physical charactei's are also 
frequently very much alike. To. be able to determine all of them requires 
practice. They can generally, however, be distinguished by their crystal- 
line form and by a few tests. They are usually found in the amygdaloidal 
rooks. These are rockfl of volcanic origin, having a lai^e number of 
bases in their composition, and are filled with cavities in which tho 
Zeolites are found lining the sides. They also occur in veins, serving as 
the veiu-FOck for metallic minerals. The fonnatjou of these Zeolites is 
posterior to the forroatJoa of the rock, which contains them. They owe 
their formation probably to the infiltration of water charged with silica, 
in which the different bases were dissolved. Theae waters vrere probably 
under great pressure or at'a high temperature and, finding cavities where 
theycouidpenetrate, deposited crystals of the different Zeolites, accordingly 
as one base or the other was present in the right proportion. Some of 
them have been artificially formed. Wohler has reproduced some by 
keeping water, charged with the powder of the mineral, for a long time 
at a temperature of 200° 0. At Plombi^rea, Daubry found the Zeolites in 
the very act of formation. The Romans were in the habit of using the 
thermal springs that are found there and had coastmoted different works 
of art for their use and preservation. The masonry, like all tliat of this 
epoch, was made of concrete and of bricks, and the waters of these thermal 
springs contain silica. The works of the Romans are now abandoned, 
but ^e water still flows through them to a certain extent and deposits 
Zeolites on the sides and in the cavities. It is remarkable that tha 
minerals differ in their composition, according (o the part of the masoniy 



where they are deposited. Thus in the concrete, Apophyllite, which 
contains Ca, is always found. In the briclcs, however, it is Stilbite 
which forms, as this contains principally SI. The' group of the Zeolites 
contains a, large number of species ; some of them are very rare, and 
othei's are not very well defined and may be only varieties of ihe species. 
We shall therefore not mention all of tliem but only such as are well 
defined and are most generally found. 

I. Unisilicates. 

Natrolite. tia '&l, 3 Si, 2 "S. OnTHoitHOMBia 

Stn. — Natrolith, Spreustein, Hatron-Mesotype, 

It erystallizes in a right rhombic prism of 01°, and has a cleavage 
parallel to the prism. It Is almost always crystallized. Its usual form is 
the prism surmounted bj' the octahedron, Pi. SII. ^gs, 6, 7. This 
octaliedron is easily distinguished from that of Apophyllite, as it is very 
much flatter. It is rarely ever found in large crystals; they are generally 
acicular. It is usually found in the Plionolites and Amygdaloirls, and at 
Bergen Hill, in Greenstone, . It may be associated with Sluorite, Calcite 
and Wavellite. Its fracture is conchoidal and uneven ; sometimes fibrous, 
in which case the oiystals are placed together in the direction of their 
length. Transparent, translucent. Its lustre is vitreous, sometimes 

Seariy in the fibrous varieties. Color, white or colorless, sometimes red- 
isb, gi-ayish or yellowish. Streak, colorless. H.=5-5.S. 0.=2.17- 
2.25. Composition, Sa 16,3, S! 27, Si 47.2, S 9.5. The oxygen ratio is 
1: 3: 6: 2, The fTa is sometimes associated with Oa. 
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PjT. Ac, B. P, Loses its water at 90° C. and wliitens, becoming 
opaque. Fuses at 2 to a colorless glass. It is fusible in the flame of a 
eaiidle. G-elafinizes with acids. 

Besides the well crystallized varieties, it is also found in fibrous masses, 
made up of a large number of crystals placed together, and radiating 
fVom a center. Sometimes these radiations show the ocfabedioa, and 
sometimes thev are penetrated by crystals, which have formed on the 
other eide of the rock in tie same way. These masses of Natrolite often 
resemble those of Stilbite, but the latter are always lamellar, on account 
of an easy cleavage parallel to the brachypinaooid. As this cleav^e is 
not found in' Natrolite, the fracture is simply fibrous, and the lustre of 
Natrolite is not so uniformly pearly like that of Stilbite. One of the 
varieties of Natrolite has a very peculiar color. It is made up of radiated 
fibres, which are generally in the shape of spheres that show concentric 
rings of red, white and yellow. It has been found in fine crystals at 
Bergen HiU, H". J. and in Lake Superior. 

FOEtfllli^ OF THK CRYSTALS, 
i>Z. XII. 

Fig. 6. OOP. p. Fiff. 7. a>P. cofco. P. 

II. Bisilioatea. 

Aualcite. ^a, 51, i Si, 2 fl. Isombtrio. 

SvN. — Analcime, Anaizim, Kuboit. 

It crystallizes in the isometric system, with traces of cleavage paralle! to 
the faces of the cube. It is found in two different associations. In lavas 
and veins it occurs as the tetri^onal trisoctahedron 2 02, FL XIL Mg. t!. 
The crystals are usually quite small, brilliant and transparent, with a 
decidedly vitreous lustre. la veins and in amygdaloidol roeka it has the 
same form, but the crystals are much lareer, mflk-whito and opalescent or 
rosy. They are nsu^ly opaque, though sometimes translucent and the 
lustre is much less decided than in the volcanic variety. In modem lavas 
the cube predominates and the angles are only truncated with the 
tetragonal trisoctahedron. Fig, 9. These crystals are rarely ever large ; 
they are sometimes transparent and line the sides of cavities. Its frac- 
ture is conchoidal, unequal and undulated. Lustre, vitreous. Transparent, 
translucent, opaque. Id is generally white, often perfectly clear, some- 
times gi'ay, greenidi, yellowish or reddish. Streak, white. H, =5-5.5 
C.=2.22-2.29. Composition, Sa 14.1, SI 23.3, 6i 54.4. fi 8.2, 

Pi'r, &«, B. P. Heated in a tube, it loses water and becomes 
opaque. Fuses at 2.5 to a colorless glass. Gelatinizes with acids. 

It is sometimes found compact in red or white masses and is tlien diffi- 
cult to determine. The form is the same as that of Leucite ; it is easily 
distinguished however by the action of acids and by the blowpipe. Prom 
Quartz it is distinguished by its hardness; fi'om Chabazite, by fusing with- 
out intumescence, and by its form. It is found at Bergen Hill, N. J. asso- 
ciated with Natrohle, Stilbite, Apophyllitc and Datolite; and at Lake 
Superior, associated with Copper. 

FOHMCL^ OP THE CRYSTALS. 
Fl XII 

Fig.K 2 02; characteristic form. Fig.'d. CO Co. 2 2. 
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CUabnxlto. (J Oa+J (Sa, &)), »1, 4 Si, 6 S. HBSiGOSAt. 

SvN. — Acadialite. Haydenite, Chatasit, Phakolith, Chabasie. 

It crystalliiiea in rUorabohedra of 94° 46, whicli-verj much reaembla 
cubes, PI XII. Mg. 10. It has traces of cleavage parallel to tlie facea 
of the rhombohedron. The crystab are often simply rhombohedra, with- 
out modifications and mi^ht be mistaken for cubes as the angle is 94°, 
but they are easily distin^tiished by tlie disposition of the etriations. 
Although the crystals are simple, there is a tendency towards modifica- 
tions on the terminal edges, so as to form & rhombohedron tangent to tlie 
pi-uaitive form, \Fig. 11, This tendency shows itself by striations parallel 
to tlie terminal edges. If the form was a cube, the striations would be 
parallel to all of the edges. The crystals are sometimes twins of two 
primitive rhombohedra revolved 180° and interpenetrating, so that the 
edges of one come out of the faces of the other. Figs. 12, 13, 14, 15. 
This form resembles the hexagonal pyramid, with reentrant angles on 
the base and pyramidal faces. These crystals resemble Calcite some- 
what, but are distinguished by the, blowpipe and action with acids. It 
is always crystallizeu. The crystals usually line cavities in amygdaloidal 
rooks. Sometimes, as in the variety called Phacolite, the hexagonal 
prism has beeu observed. The fracture is unequal, but this character is 
not very distinct, as the crystals are usually very small. Lustre, vitreous. 
Color, white, polorless, reddish, yellowish or greenish. A blood-red 
variety is found in Nova Scotia and is called Acadialite. The color is 
owing to the interposition of oxide of iron, which is a mechanical admix- 
ture. Streak, colorless. H.=4.5. ©,=2.08-2.19. Composition, Oa 
4-U, fJa 0-4, g O.ir-2.58, Si 17-21, Si 45-52, S 19-22. Some varieties 
might be mistaken for Fluorite, but are distinguished by the want of cleav- 
age and the action of acids. 

Pyr. &c. B. P. In a closed tube, gives off water, Intumesces 
and fuses to a white spongy glass, which is nearly opaque. With acids, 
gives slimy silica. 

It is found in Massachusetts, Connecticut, New York and New Jersey. 

FOItMUIuE OF THE CRTSTAIS, 
PI XII. 

Mg. 10. E;usualform. Mg. 11, B. -J-K. -2K, Iig. 12. Twin 
crystal by interpenetration ; composition-face OP. Fig. 13, Twin crys- 
tal. Mg. 14, Twin crystal, with tiie combination R. -i B, -2 R. 
1R3. t»P2. Fig. 15. Twin crystal, -iR; forai of Phacoflte. 
Mg. 16. -ii R J i Haydenite. 

Harmotomo, Sa, SI, 5 Si, 5 It, OarHORHOMBio. 
SvK. — Morvenite, Kreuzstoin. 



There are two varieties which differ in their chemical composition. 
Both of these varieties contain t but in one the Sa is replaced by Ca. 
The one containing lime is called Phillipsite; the other, Harmotome. 
These two varieties are also distinct in their oi'ystallographic characters. 

It crystallizes in a right rhombic prism of 120° 47', with easy cleav^ea 
parallel to the base and prisni. The variety containing Sa is in detached 
crystals, which are always twins, P£ XII. Figi. 17-21. These cryatala 
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might be mistaken for Apophyliite, but are distinguished by the striations. 
The octahedron is also \egs acute than in Apophyliite. When the miuerid. 
has Oa for a base, the crystals are twinned parallel to the prisni, showing 
the ohai'acteristic cross. Sometimes the faces of the prism do not esist and 
ia others they are very Bmallj, Simple crystals are unknown. Eren ihe 
crystals containing fia which appear simple are twins, as can be seen b^ 
the optieaJ characters and striations, l^i^. 17. The made is however as it 
■were latent and does not affect the crystalline form. Fracture, conchoidal 
and uneven. Lustre, vitreous on the exterior faces, but less bright on the 
fracture. Transparent on the. edges. Color, white, gray, yellow, red, 
brown or greenisii. It possesses a certain . degree of opalescence, which 
is owing to the presence of a certain amount of Si in excess, which is in 
a gelatinous condition. Streak, white. H.=4.5. G.=2.44-2.45, 
Composition, Ba 23,7, *1 15.9, Si 46.5, ft 13.9 ; when it contains lime, 
Oa 7.4, Si 20.5, Si 47.9, S 6 3, S 17.9. 

Pyr. &c. U. I*. Whitens and becomes opaque; exfoliates and 
mells at 3.5 to a white glass. Sometimes phosphoresces. Soluble with 
separation of pulverulent Si. Thia mineral ia frequently found with Chaba- 
zite. Its usual localities are Scotland and the llartz. 



PI. xir. 
i%. 17. coPco. odPco. p. Pco. Mg. 18. Twin crystal ; com- 
position-face co P. Fig. ID. Twin crystal by intcrpetietration. Fig. 20. 
The same. Fig, 2!, HoriKontal projection of a twin crystal like the 
preceding. 

Stilblte. Oa, SI, G Si, G ft. ORTnoiiHOMBio 

Stn.— Desmine, Strahlzeolith 

It crystallizes as a rhombic prism of 94° 1(1'. It has ap easy cleavage 
parallel to the brachypinacoid and a less easy one parallel to the ortho- 
pinacoid. The usual forms are shown in PL XII Figs 22 23. The 
races of the prism and octahedron have a feeble and vitreous lu^itre, while 
that of the brachypinacoid is peai'fy and very bright^ The base js some- 
times found on these crystals, but it is very small. They ore not generally 
found detached, but aa a la[^e number of crystals attached to one another 
parallel to llie brachypinacoid. This face is in this case the most brilliant, 
the others being striated, rounded and bent. It frequently happens, and 
this is the general case, that the crystals are not placed together exactly 
parallel, but divei^ing slightly from the center of the crystal, so that it 
looks somewhat fan-shap^. The faces of the brachypinacoid are then 
curved, but still pearly and very brilliant, while the others are striated and 
dull. Fracture, uneven. Lustre vitreous, pearly on the brachypinacoid. 
ColorjUsually white, but often colored yellow by Pe ft, or blood-red by 
Pe. This iron is interposed between tlie lamellaa of th6 crystal and is 
not apart of its chemical composition. It is sometimes found of a gray 
color, which is clue to organic matter. Thia color geneially affects the 
point, of the crystal. Streak, colorless. H.=8.5-4. «. =2.094-2.205. 
Composition, Ca,8,9, 51 16.5, Si 57.4, ft 17.2. The hardness is not the 
same on the different tsiues, it being less on the brachypinacoid than on 
the otlier. 

Pyr, &c, B, P. Swells, becomes fan-like and vermicular and 
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meltB to a white enamel. Soluble in acids, with separation of pulverulent 

Besides the distinctly crystallized varieties, it is found in masses which 
are . sptieroidal and made up of a lai^e number of crystals grouped 
together. These masses have a radiated, fibrous structure and are at the 
same lime lamellar, on aceooat of cleavage parallel to the brachypinaooid- 
wliich ia very easy. They have a characteristic pearly lustre. It la quite 
rare in these masses not to find a distinct crystal showing the fan-like 
shape, They frequently have a gray, rose or yellow color. It might 
sometimes be confounded with Gypsum, but is distinguished from it by 
its pearly lustre and its hardness. The intensity of its lustre will generally 
distinguish it from Apophyllil*, which is usually less pearly. ,lt might 
also be confounded with one of the oxides of antimony, but a blowpipe 
trial distinguishes it immediately. It is found in Massachusetts, Connecti- 
cut, New York, New Jersey and Lake Superior. 



Hculauditc. Ca, SI, 6 Si, 5 S. Monoclibic. 
Sys, — Blatterzeolith, Euzeolith. 

It crystallizes as an inclined rhombic prism of 136° 4'. The ordinary 
forms are given in PI. XU. Figs. 24r-28. These crystals might at first 
sight be taken for Stilbite, as they, like it, have a pearly lustre on the 
brachypinaooid and a vitreous lustre on the other faces. It is, however, 
quite 'easy to distinguish them by the form of the face of the brachy- 
pinacoid. That of Stilbite is symmetrical, while that of Heulandite is 
dissymmetrical, as may easily be seen in tlio figures. It has a very easy 
c!eavi«e, parallel to the clinopinaeoid. This cleavage is easier even than 
that of Stilbite. Fracture, conehoidal or uneven. Lustre on the clino- 
pinaeoid, pearly, elsewhere vitreous. Transparent, translucent, opaque. 
Colors, white, gray, yellow and often dark red. II.=3.5-4. 0.=2.2. 
Composition, Ca 9.2, ftl 16.9, fii 59.1, fl 14.8. The composition, with 
the exception of one atom of water, is the same as that of Stilbite. It 
differs from it, however, in its crystsiUine form, which is monocUnic, 

Pyr. &c. B. P. Acts like Stilbite. 

It is not always easy to appreciate this dil?erence of crystalline form, 
since the two substances have the same associations and are often found 
together on the same specimen. The alkalies are ofKn associated with 
the 6a. 

It is found in Connecticut, Massachusetts, New York, New Jersey, 
Pennsylvania and Maryland. 



PI. XII. 
J^. 24. CO P CO. osPco. Pco. OP. Mg. 25. The preceding form, 
lengthened in the direction of the orthodiagonal. J^, 20. The combin- 
ation, Mg. 24, with 2 P. Fig. 2T. The preceding, with t P. Jij. 28. 
rot" CO. CO Pec. Pco. 2f'c». 2 P; usual form of the crystals from 
the Passathal. 
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Tah Group. 
Talc. (^ l!lg + J- fi) Si. Orthokhosieic, 
Srs, — Steatite, Soapstone, Potstone, Speckstcin, Agalmatolite, Pagodite. 
It ciystallizes in a right rhombic prism of 120°. It is found more or 
Jess cryatalliEed, hut the oiystals are never complete; they are usually 
nothing but lamella, having generally an angle near 120°, or lamellar 
raaases. Tkese massea stow an easy cleavage parallel to the base. Frac- 
ture, uneven. Translucent^ opaque. Lustre, argentine or pearly. Color, 
green, white, red, gray. Strepk, white, or lighter than color. It is 
Sesible but not elastic, which allows of its being distinguished from Mica. 
Its touch is unctuous and soapy, on account of the large quantity of 
magnesia which it contains. Its powder is even more unctuous than the 
mass. H.=:1.15. G.=2.565-2.8. Composition, Sig 33.5, Si 62.8, S 3.7. 
The corapositioQ ia quit« variable. 

Pyr. &c. J3. I*. It whitens, swells and sometimes decrepitates a 
little, fusing with difficulty on the thin edges. It does not give off 
water like the Micas, except at a very high heaU TVitli nitrate of cobalt, 
it gives the characterislic color of m^nesia, Not affected by acids. 

In its physical characters it resembles tlie Micas, hut it differs from 
them in its chemicai composition, which, however, is not always fixed. It 
may be refeiTed to a general formula, in which Sig is the E. It rarely 
contains i'e. It contains water and fluorine in varying proportions, 
which appear to be essential to its composition. These two substances 
seem to be present as a sort of witness to (he circumstances under which 
it was formed. It is sometimes found in lamellar fibers, coating the sides 
of rocks and placed perpendicularly to them. When it is formed on the 
sides of ;iarow fissures, these fibers meet aud interlace and often twist and 
turn on each other. It is also found in lamellar, schistose masses, whicii 
are not very pure. It is also found eartliy and compact when it is known 
under the name of Steatite. Its fracture is then compact. It attracts the 
tongue, which distinguishes it from the Kaolins and clays. It is soapy 
to flie toucli. These varieties are always very impure. Compact and 
earthy Talc often replaces by pseudomorphism a number of mineral 
species. In some places crystals of Quartz have been found completely 
transformed into Talc. There is no explanation to this phenomenon. 
Did the Talc fill up a cavity left by the Quartsi, or was it substituted mole- 
cule for molecule, as Quartz itself has become substituted in organisms ? 
These questions have not as yet been answered. This pseudomorphism 
appears, however, to be intimately connected with the decomposition of 
minerals which the Talc has replaced. A slaty variety is known as 
talcose schist. These schists have a very variable aspect and composition. 
Talc is abo foand in lamellie, which are generally ' unctuous and very 
tender. To this variety belongs Pi^odite and Agalmatolite, a rock from 
which the Chinese are in the habit of cuttinc; fig;ures. It is pos.'ible that 
some of the images are artificially made, as tne Chinese are most skilled 
masters of falsiScation. Some of these earthy varieties are capable of 
supporting heat and are used, as the variety called Soapstone and Potstone, 
Kir culinary and heating purposes. The powdered mineral is often used 
as a lubricator. It is found abundantly iu the U. S. 
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Sepiolite Group. 

Scplolite. ](Ig'gi=+2H. 

Stk. — MeetBohaum, L'Boume de Mer. 

It 18 never crystaiiized, but always found in amorphous masses, with a 
conohoidal fracture, which is sometimes granular when it is mised with 
foreign substances. Its fracture is doll and without lustre, while its niitu- 
ral surfaces are slightly lustrous. Color, white, grayish-white, yellowish 
or reddish. Opaque. Its natural surfaces are smoolh and unctuoua to 
the touch, like all the magneaian compounds. When it iapure, it does not 
give an odor when breathed upon and does not attract the tongue. 
H.=2-2.5. When dry, floats upon water. Composition, fig 27.1, H 
12.1, gi 60.8, It sometimes contains 0, and the proportion of S is quite 
variable. 

Pyr. /fee. J8. P. Heated in a tube, it gives off water. It craolta 
and fuses with difficulty on the edges. With nitrate of cobalt, it gives the 
reaction for magnesia. With acids, it sometimes effervesces slightly, and 
gelatinizes. 

, It is sometimes found porous and sometimes quite companL It is the 

common meerschaum of commerce. It is found in beds interstratiSed, 

between Jime or clay. It is then ofien lanielkr and impure, often 

containing these substaaces. It is no longer a chemical combination but 

a sort of magma. It is generally found in Greece or Asia Minor, 

II, Unisilicates. 

Serpentine Group. 

Serpentine. (J 3(lg+i II)' Si+i S. ORTHORHOMBro. 

Srs, — Verd antique, Ohrj'sotilo, Picrolitc, Marmolite, Schiller Spar, 

WiSliamsite, Baltimorite. 

Serpentine is found crystalliaed only as pacudomorpha after other mine- 
rals. Fracture, scaJy sometimes conchoidal. Lustre, resinous, greasy, 
pearly or earthy. Tranalucentj in thin splinters ; opaijue. It has gene- 
rally a more or less green color, inclining to yellow, but is sometimes dark- 
er and red. lis color is sometimes homogenous, and sometimes composed 
of many colors blended together without order, but sometimes in bands. 
Streak, white and shining. It may be easily out and worked, and it has 
some appearance of ductility. It is however tenacious, and resists tlie 
sta«ke of the hammer somewhat lilce Comeine. Its touch is unctuous, as 
it is principally composed of magnesia. The composition varies aa 
follows: 3i 42-46, l&g 36-40, fl 12-13. For the formula, Mg 42.97, 
Si 44.14, S 12.89. Its water appears to be in part hygroraetrio, for a pait 
of it disappears under the air pump. It contains frequently b« much as 
1-2^ of organic matter. Its composition is very vanable, but may be 
represented by the formula given above. Its composition is, however, 
never very well deSned, bo that it is rather a rock than a mineral. 

Pyr. &c. B. P. Heated in a tube, it gives off water.' Fuses on. 
the edges, with great difficulty, at 6. With nitrate of cobalt, it gives the 
characteristic rose of magnesia. It is always somewhat attacked by 
acids, sometimes even entirely dissolved. 

The higlily colored varieties are sometimes called noble Serpentme, and 
are in use as ornaments. Like Talc, it is found in limestones, and gives a 
peculiar variety of marble, which is much sought for in the arts. With- 
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out b«ng crystallized, it shows tracea of crjsfallization. It is supposed 
to crystallize in the orthorhomhic system. A brilliant and lamellar sub- 
staoce is sometimes found in Serpentine, which is usually referred to 
Dialla^e ; it has, howcTor, the same general composition as, and ia 
undoubtedly Serpentine. Other fibrous substances are also found in 
Serpentine. They are not very well characterized, but are quite near it 
in composition. Without being very well defined, they have optical 
characters that briag them near to crystalliaed substances. Thus, they 
possess dichroism, being yellowish-green in one direction, and red in 
another. These fibrous substances are sometimes found in veins and re- 
semble Asbestus. They are called Chrysotile, Serpentine is found 
abnndantty ia the U. S. 

III. Subsilioates, 

Chlorite Qrowp, 

Chlorite. 

OaLOMTB is the name given to a family of rainerala. They are analo- 
gous to Mica and Talo in their exterior characters, and also in the variety 
of their composition. TheR.ia Hgandi'e; tbeB,*'e,Sl, Sr, It ia more 
than probable that a part of the fl is associated with tho B. 

Proclilorlte. {\ (Sig, £"0)'+^ 5l)Si-F| B. Hesaqonai, 
Syw.— Chlorite. 

It crystallizes in an hexagonal prism and has y 1 

parallel to the base, which allows of its being exf 1 t d b t 1 ss ly 
than Mica. The crystals are not very well formed Th y Uy 

in hexagonal or triangular lamelUa Generally it is p f ly y t 11 d 
the lamella being fastened to each other on the edg d ra I t d as 

to form a spheroidal mass, a section of which would b f 1 p d Tl 
Tariety is usually called Eipidolite. Its lustre is ve yb ht 1 tm 

almost metallic on the edges. It is also somewhat t T p t 

in tiin lamellse ; opaque. Color, green, more or 1 ss d k '^ m 
ties show a remarkable dichroism. ParaHcl tothe b tl d t 

of the greatest length of the prism, it appears som wb t d k d 1 
even black, while perpendicular to the base it is gr St k h te 

f^eenish. H.=l-2. 0=2.78-2.96; Composit Jft 15 t 7 & 

1 19.7, Si 26.3, S 11.7. Its touch as weh as its p wd 1 1 

so however than Talc, This difFerence is probably owing to the greater 
proportion of wat«r. 

Pyp. &C, B. P. In a closed tube, gives off water. Whitens, exfeJi- 
atea and fases, with difficulty, to a grayish-black glass. Decomposed by S^ 
Prochlorite is frequently found as a powder covering other minerals, as 
Quarts, Albite and Orthoclase. It is found in lamellar masses, so that it 
almost always has a spathic fracture. This variety is abundant in many 
localities, and is frequently found with Vosuvianite, It ia also found in 
compact masses, somewhat analogous to Talc, from which it can be distin- 
guished by (he proportion of water. It is also found in little detached 
plates forming sand, resulting Irom the weathering action on rocks which 
contained it. These sands, some of them at least, were formed at a 
geological epoch anterior to our own, and have sometimes been transport- 
^ considerable distances. It is thus foimd disseminated in different for- 
mations. It is found abundantly in the 17. S. g 
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POTASSIUM. 

Witre. K ft Outhobkombic. 
Stn. — Saltpetre, Kalisalpeter, Potasse nitrati^e. 

The primitive furni is a right rhombic prism of 118° 50', consequently 
it is one of the limit forms wlioSB combinations resemble the Hex- 
agonal system. Crystaia, wLen they are simple, have the iorms 
PI. '^lll.Figs. 1,2,3,4,5. They are frequently hemitrope around the hrachy- 
aiis. The crystals are often twins, which are mostly the union 
of several crystals, attached by the feces of the prism, Pt AlII, Fig. 8. 
generally Ihe interior is left hollow. Crystals of Nitre, which are 
not hollow must be formed by the donhle decomposition of 6 and 
Sa ^ and crystallized in the same liquid. The crystals obtained 
from solution lu pure water are usually twins- and aro. made up of 
3, 3, or even 4 crystals. Nitre is dimorphous ; at a high temperature it 
crystallizes in rhombohodra of lOS'SO". Calcite has a rhombohedron of 
105°5' and is isomorphous with Nitre; Calcite is also dimorphoua 
with Hie right rhombic prism of 120°, "which is isomorphous with Nitre. 
These two minerals are therefore isomprplioios in their dimorphism. This 
property has been called isodimorphisui. Nitre has difficult cleavages 
parallel to the prisms and to a brachy dome. Its fracture is conchoidal. 
It 18 usually white and transparent or at least translucent. Its lustre 
is vitreous and its streak white. It is fcenerally found 03 thin crusts, 
efflorescences or as small crystals. BI.=2. 0.^1,937, The composi- 
tion of Nitre is t. iS.S, ^ 53.5<l. 

Pyr, Sec Deflagrates on Ch, colors tlie ilimie violet (S). It is soluble 
in its Weight of cold, and half its weight of warm water. It has a pecu- 
liar, cooling, saline taste. It ts not altered by exposure. 

Nitro is the saltpetre of commerce. It is found abundantly in the soils 
of some parts of Spain, Egypt and Russia. It is also manufactured from 
soils ooutaining otiier nitrates. In this country it is found in caves in 
Madison Co., Ky., in Tennessee and in the Mississippi valley. 



PtXIIL 

Fig. I. coP.ooPot, P. 2 Pen, This combination resembles the or- 
dinary crystal of quartz, coP.P, when the faces of tho brachy-dome 
and brachy-pinacoid are respectively equal to those of tho pyramid and 
prism. Fig. 2. TbeabovewithPoo. Fig. &. oo P. oo"!" oj. 2'l' » 
Fig. i. The combination Fig. 3, with 'f 50. but more tabular. F^ 
B, The combination Fig, 4, with ^l^w. I^. 6, Section par- 

allel to OP, showing the mirrors of the prismatic cleavage. Fig, 7. 
The same, in a twin crystal. Fig. S. Trilling ciystai, hollow, formed 
by the juxtaposition of three prisms. 

Apbthitalite. "k. S. OitTaoBHOMBia 

Sys. — Glaserife, Kalisulphat, Potasse sulfat^e. 

It cr3'stallizes in right rhombic prisms of 120° 30'. Its fracture is con- 
choidal and it scratches Gypanm. It is generally white or colored slightly 
blue or gi'een ; transparent^ translucent or opaque ; lustre, vitreous or 
resinous. It often appears like an hexagonal prism both in the simple 
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crystals, which aro quite rare, and in the crystals which are composite 
3 by 3 or 6 by 6. When obtained by crystalliaalion in a solution, where 
it has been produced by double decomposition with Sa 0, it is dimor- 
phous and gives an hexagonal prism, 1I.=3 — 3,5. C=1.731. Com- 
position, S 54.1, 8 45. 9. 

Pyr, &C. Before the blowpipe, it decrepitates and melfs. In the 
red flame it h reduced to K S ; the moistened globule then blackens 
aher. It ia not very soluble, ha:s a bitter taste. 

Anhydrous sulphate of potash is found among volcartic products in 
erjBtalline crustg which appear to be produced by the vapors of S on 
rooks contfdning alkalies. 



SODIUM. 
So^a 3^'Sli'o. Sa fi. Hesagobai. 
Syu.— Hitratin, Natron Salpctor, Soude nitrabSe. 
It crystallizes ao p. rhombohedron of 100" S3', it is isomorphous with Dol- 
omite and Nitre, which under certwn circumstances takes the same angle. 
■Wien it ia evaporated rapidly it takes the form of a rhombic prism of 1 17° 
or 118° and is thus isodimorphone witii Nitre. It has cleavages parallel to 
the primitive rhombohedron. It is generally white or grayish, with a 
slight vitreous lustre ; transparent, translucent or opaque. Its fracture is 
sometimes granular, sometimes lamellar or conchoidaL II.=2. 
0.=1.93r. Composition, S"a 36,5, t 63.5. 

Pyr, &c. Deflagrates on Ch., but less than Nitre; colors the 
flame yellow. It is soluble in 3 parts of S and has a cooling, saline 

Soda Nitre is found in groat abundance in certain countries, espe- 
cially in Peru, where it is found in crystalline masses of lai^e extent, 
which appear to be the residues of ancient lakes. It is also found in 
India, where it continually effloresces on the surface of tlie ground. 

Theuardilc. iSa. B. ORTHonnoMnic. 

It is generally found in crystalline masses, with forms that approach the 
prism. They are usually rhombic ocffihedra, with very sharp edges. 
They have a cleavage parallel to the base and braohy-pinacoid. Lustre, 
vitreous; color, white to browa ; translucent. II.=2 — 3. G, =3.5 to 
2.7. Composition, Sa 50.3, 6 43,7. 

Pyr. &c. Colors the flame yellow ; in E. F. gives Na S. If dis- 
solved aboTQ 33°, on cooling it crystallizes as anhydrous and below 
it as hydrous. 

It is found in deposits left by Thermal springs. 



PI. XIII. 
Fig. 0. P. Surface, rough and with but little lustre, 

P. OP. QoP. 

HirabiSUc. BaS+lOS. Mokocukic, 
Svs. — Glauber Salz, Mirabilite, Soude sulfatee. 
The primitive form is an inclined rhombic prism 80° 31 
vitreous, color white; transparent, opaque, II.=1,S — 2. 
Composition, Sa 19.3, S 24,8, S 55.9. 
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PjT, &c. Yields water in a tube, gives a yellow fl;\rae, givea fJie 
reactions for S. Tastes cool, afterwards salty and bitter. In the air, falls 
to pieces and becomes anhydrous. 

In Spain, especially near Madrid, it ia found in large masses aot cira- 
tallized, but fibrous and bent. These masses are semi. transparent, with a 
slight' peafly lustre, and appear to result from alteration. In the air, 
these masses effloresce rapidly ; they mi^ht sometimes be mistaken for salt. 
It might be mistaken for Mg S, but this is less soluble and Iws efflorescent. 



PI. XIII. 

Fig. 11. to p a>. « P. P. OP. ot P cc. P o=. P w. Fig. 12. =o P m. 
CO l' 05. 03 P. P._p. ^ p. Pa.. I p oo._^ P o=. P CO. 3 P 00. OP. 

GlHUberllo. (i ^'a+J Ca) 5. Monoclinic. 

The form is a very oblique rhombic prism. If not crystallized, 
it is crystalline. It may have two types, which are formed by the 
same laws of derivation, but differ somewhat in their exterior. The 
first type, Fig. 13, PI XHI. is the ordinary one. It is the primi- 
tive crystal with the modification -P, but very flat parallel to OP, with 
sharp edges. The angleooP being very obtuse, IW'IS', the face -P is very 
much striated, so much bo as sometimes to appear step shaped. This 
type is that generally found in Spain, in (he salt mines and in tJie vari- 
egated clays which accompany them: The same variety has been found 
in Prance, at Tic, colored red with iron. In Peru, at Iquique, Glauberite 
has been found with the second type:, which shows the same faces, bat the 
crystal is much longer from, the extension of I ; this variety is iisualiy 
found in colorless crystals, with a very bright resinous lustre. It has a 
very easy cleavage parallel to the base. The fracture is conchoida! and 
brilliant Its lustre is resinous and sometimes very bright. Its ordinary 
color ia yellow, somewhat gray, but when Pe is present, it is red. Streai:, 
white. H.=2.5 to 3. C=2.64 to 2.85. Composition, S 57.6, 
Oa 20.1, Sa 22.4. 

PjT, &c, IB. p. Deorepitatea and melts into a bead which is 
transparent, when hot, but opaline, when cold. By the action of 
S the two sulphates ar^ isolated, the Sa S being dissolved. At first it has 
no taste, then it gives successively asalt, bitter nnd astringent taste. 

Near Madrid, alargenlassof Glauberite was found, 14 ta 15m. thick and 
several let^es square. It was from the decomposition of Ihis mass 
that the fibers of Ha S eame, of which we have spoken. It is generally 
found in the same associations as salt 



PlXllI. 
Fif/.IS. OP.-P. ,P!>. 14. OP.-P.mP. -Pec. Mff. lo. ojP. 
OP.-P. -Po=. 

Haltte. Ha CI. Isometeic. 

Syn. — Salt, Eock Salt, Kochsalz, Steinsalz, Sonde muriatic, 

Sel gemme, Halites. 

It crystallizes in the isometric system, almost always in cubes. It haa 

a veiy easy cubical cleavage, so that the cfyslals arc g-enerall^ filled 

with mirrors ia three directions. Lustre, vitreous ; streak, white. Its 
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colors are very variable. When pure, it is colorless, but generally it is 
colored by some earthy or organic matter. It may be gray, red. violet, 
blue or green. Tbe cause of all these coIoi'S is not very well understood. 
Tbey may be owing to traces of Si, Co, 6u, or organic matter. It is solu- 
ble, and has its own peculiar taste. TUe fracture of salt is Inmellar and 
sometimes concholdat across the cleavage. II.=2.5. O, =2.1.-2.257. 
Composition, Na 39.3, CI 60.7. 

Pjfr. &C. Heated, it first decrepitates and then melta. Some pecu- 
liar varieties do not decrepitate. It soraelimes decrepitates, when it is 
dissolved, which is owing to the presence of cavities in the crystals. 
These cavities are often cubical in shape and coutain water and 0, which 
is under pressure and produces the phenomena of decrepitation, wkeii 
by solution the sides of the cavities are no longer strong enough to bear 
the pressure. 

Besides the crystallized «id lamellar varieties, it is frequently found in 
fibrous mnsses, which sometimes adhere to the rock by one extremity 
only ; the fibers are then very much bent. When it fills fissures, the 
fibers are usually straight, and the two opposite walls of the rook are 
often joined. This variety is frequently colored red by oxide of iron. 

It is found in Europe in the deposits of Gypsum, and especially in the 
variegated clays (Mames Irishes) of the Trias. In the U. 8. it has been, 
found forming beds aasociated with Gypsum in Virginia and Oregon. lu 
Louisiana, in lar^e beds of later origin. Most of the salt obtained in this 
country is from Salt springs. 



PI. xur. 

Ml/. 16. CO O CO. Fkj. 17. Hopper-shaped crystal. J^g, 18. Cavernous 

Borax. Sa B°-(-10 S. Monoclisic. 
SvN.— Tinkal, Borsaurea Natron, Soude boratSo. 

It CiTstallizes as an inclined rhombic prism of 87°, with the very simple 
formashownin Pi. XIIL Figs. 19-21, It has a number of difficult oleav^es. 
The crystals are mostiy white and opaline, but when they are stained by 
organic matter they are colored gray, more or less dark, sometimes bluish 
or greenish, and then give off an empyreumatic odor when heated. 
It is isomorphous with Pyroxene. Streak, wbite; translucent, opaque; 
fracture, conohoidaL It is soluble, has a salt, alkaline soapy taste ; boil- 
ing water dissolves double it.i weight H.=2.25. G.=1.716. Com- 
position, Sa 16.2, B 36.6, S 47.2. 

Pyr. &C. B. P. Intumesces and fuses to a transparent glass. 
!Fused with Fluorite and bisulphate of potash, gives the reaction for S. 

Borax is found in nature either ia solution in certain lakes, or as a 
residue of their evaporation. It ia found most abundantly in India and 
California. 

PI XIII. 
Fi<j. 19. CO P 03. GO P. OD P GO. P. 2 P. OP. Fiy. 20. co P os. oo P. 
P.2P OP. Fi</. 21. CO P CO, OT f Gc. CO P. P. 2 P. 4 f CO OP. 
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Iffatron. ■ Sa O+IO fi. Mohoolisio. 
Syn. — Nitrum, Sou.de carbonat^e. 

The usual fona 13 given Fig. 22, Phie XIII. 

tTcder tiis name a ncmber of mixtures of different ceTbonates have been 
described, as for example the neutral aud sesqui-carbonate with varyjug 
proportions of fl, v/Mdi are found in certain African lakes. These masses 
are white or gray, from the iaterDosilion of foreign substances. They are 
geaeraily earthy. In these masses crystals may be seen, wliioh may be 
ivhito or ooaque and seem to belong to a pardojfy deoomposed sesqui-car- 
bcmnte ; Uie rest of the mnss being a central carbonata, -which is mnnh less 
efHorescent. In tlia nir, the ctysliJs usually fiJl to powder, and have a very 
disagreeable alkaline taste. KI.=1-1.5. G-.=1.423. CompositionHa laS, 
2^7, S54.5. 

Pyr. &c. B. P. Healed, tlieae masses give up water and fuse. 
Soluble in water. In acid, soluble with great effervescence. 



AIHMOSIUM. 

Masca^uite. ifH' S+fi. OhihokhomSio. 
Sts. — Mascagnin, Ammonia que sulfate e. 

Eight Rhombic Prism of 107' 40', 

It 13 foand as an incmstation on volcanic rocks. It is similar to the same 
salt in the laboratories It is isomovphows with Aphthitalite. Lustre, vit- 
reous ■ translucent: color, yellowish gray to lemon yellow ; taste, pungent and 
bitter. H.=2-2.5. O.sI.72-1.73. Composition Ifti* 34.7, S 53.3, S 13. 

PjT. &C. It is soluble and volatile, giving off very thick vapors. 
It has the peculiar flavor of 3al-Ammoniac, but is bitter, which dis- 
tinguishes it. 

ft is generally found on volcanoes and in coal mines which have 
been on fire. 

Sal-Ammoulac. ■ TSW CL Isomotsio. 

TetTE^jonal-trisootahedron and hexoctahedron. Someliines lengthened 
as in Mg. 26, Fl, XIIT. Lustre, vitreous. Color white, yellowish or gray- 
ish. Fracture, conohoidnl. Il.=1.5-2. G.=1.52S. Composition 
Iftt-" 33.7, CI Oe.3. 

PjT. &;c. Sublimes in a closed tube without fusion. Heated wilii 
lime or enusljo alkali, gives ammonia reaction. It is soluble iu thi'oe times 
its weight of ft and has a peculiar aeiino and pungent taste. 

If in the solution of Sal-Ammoniac a few milliems of acid are added, it 
ciystalliacs in cubes. If however salt is added, it crystallizes in tetrago- 
nd-ttiaoctahedra, Thfiy^have an octahedral eleavi^e. It is isomor- 
phous witli the Syivite and Halite, but these have a cubical cleavage. It 
isfound in certain volcanic formations and has the same formula that it has 
in the laboiafcorieR. It is generaliy found as iiicriiElationa on tJie surfaces 
of lakes, orincoalminesonfice. Those incrustations are white or colored 
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wliicii is volatilised with itj as fruquently hnppcns in the 



BE ORYHTALS. 

Ft XUl.—Mg. 23. O. Mg, 24. 303. Mg. 25. 30^. J^. 
26. 303, very mueh distorted. 

BARIITm. 

Barite. Ba S. ORTnoHGOMBio. 
8™. — Heavy Spar, Schwerspath, Barjte suIfatSe. 

It crystallizes as a right rliombic prism of 101° 40', witli three cleavages; 
two parallel to the prism aiid one parallel to the base. Crystals are 
found, according to localities, iu four geneial types. The first is quite flat. 
It is composed of the macrodome and brachy-piuacoid. These crystals 
are uaually not very large, and are often modified as Mgs. 28, 29, 30, 
Plate XlII, The second is also flat, made up of the base and the macro 
and braohy-pinacoidfi, ^. 31, i'faieXIII.and shows a rectangular form. 
This may also be modiSed, It belongs to the varieties which are ganguee 
of raetals. The third type belongs to veins. The base has disappeurod 
and thebrBchy-domebeoomeverylarge,so that (he crystal has a roof shape, 
i%. 34, Plate XIIL The fourth type is much rarer. It shows a predomi- 
nance of the macro-dome, so that it has the dome at right anglea to the 
third tj^, Fig. 2, PI.JLIV. The disposition of the cleavage allows of the dis- 
tinction being rfways made between this form and tJie previous one. Besides 
tlie forms which have been given, the crystal often has faces which 
have a much more complicated notation. These faces are generally small 
itnd are distinguislied by their difference in lustre. Its colors are usually 
not very distinct. White, grayoryelloware the usual ones, but it is some- 
times blue or reddisli. The yellow hi usually owing to Pe, and the rod 
often to Cinnabar. The lustre of the mineral is vitreous, generally very 
bright; sometimes it is resinous, H.=2.5-35. «.=4.3-4.86. Com- 
position fia 65.7, S 34.3. 

Pyr, dec. B. P. Decrepitates and fuses to a wliite enamel, which 
falls to pieces after some time. The flame, during the fusion, is colored 
yeilowiah-green. The globule obtained in the red flame is BaS, moistened, 
It blackens Ag. It is insoluble to all intents and purposes, but not com- 
pletely so. It has the same composition as the Sa S of the laboratories. 

Besides the simple forms, it is often grouped. One of Uie most frequent 
is the crested form, made up of crystals which are usually small and which 
are radiated in the form of a sphere. It is also found in lamellar and 
baeillary masses which are striated in the direction of their lengths, and 
have mirrors in every direction, owing to easy cleavages. la couoro- 
tionary masses, in stalactites, which are fibrous in their interior, having 
usually different varielies of brown for their colors,, which seem mosUy 
to be owing to oi^anic matter. Saccharoidal, having the aspect of Italian 
marble. Sometimes it is entirely earthy. It may also be found in every 
intermediate stage. Compact^ as the gangue of veins, looking quite 
like Petrosilex or Agate, but is easily distinguished by its inferior hardness. 
The character, which is the one depended on to distinguish it from 
Celestito and Aragonite, is its density,, which is 4.6. It is distin- 
guished from the Various carbonates by not effervescing with acids : 
from metaliio minerals, by giving no metalUe reaction before the B. P. 
Uses. — Its general use is as an adulteration for white lead. A mixture 
of equal parts of Barite and white lead is often called Veniee WJiite. Twice 
the weight in Barite is called Bamiarg ]¥Aile. Three times. Butch 
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White. Tho use of Barite is often itdvantageous, especially when the 
paint is likely lo ba exposed to suiphurous vapors. It then prptecta the 
lead from beooming immediately blackened, Barite used for this pur- 
pose must be Tery white, and is often puriSed, espeoially from iron, by 
digestion in dilute 8. 



PI XIII. 

Mg. 27. coFoj. Va>. Fig. 28. copco^ Fa.. Po=. lig. -. 

ooPso. Pco. Fro. mP. Fig. 30. coPoo. Pa.. Pa>. P. 'HHg. i 

«>Fa>. coPo=. OP. Rectangular form. Fig. ^2. cdPco. w?2. P 
Mg. 33. The same elongated in the direction of P o=. Fig. 34, P _. 
F<B. Fig.Z5. Po=.Pa.. 02F2, a)P».PtXIV.Ks.l. The same, elonga- 
ted in the direction of to P 2. Fig. 2. Pa>. ?05. Fig. 3. 
:Poa. Pod. 2Po=. ^^. 4. «¥»>. Pco, ¥03. QoP2. oiP. J^^. 5. 

«i!?OT. 03^2. Poi, Fm. 2Fai._ %. 6. coPoj. a>P2. P 
i*ig. 7. =oPro. ooP2. roFi. P (c. OP. F^. 8. ffiPco. w^2. 
ooPS. f «j. OP. 



Wlthcrltc, Ba 0, Orthobhomiiic, 
Syn.— Baryte carbonatSe, 

The primitive form is a right rhombic prism of 118° 30'. It is one 
consequence of the lirnit forms. It has a cleavs^e parallel to the prism. 
Its primitive form is rarely ever found. It is generally in hexagonal 
prisms. 

These hexagonal crystals are rarely ever simple. They are generally 
macles made up of six other crystals. They often show aa empty spaee 
in the centre, because, since the angles are not quite 60°, they do not 
exactly coincide. This juxtaposition takes place on the faces of the 
prism. "When the prism disappears, as it frequently does, we have a 
pseudo-hexagonal pyramid made up of the brochy-dome and rhombic 
octahedron. These crystals are themselves frequently hemitrope, which 
does not change the form but makes the mass opalescent instead of trans- 
parent Its fracture is uneqaal, scaly, with a resinous lustre, while tho 
natural faces are usually covered with a pulverulent coating. Colors 
generally whitish, yellowish, or grayish ; transparent or translucent. 
Streak, white. H.=3-3.75. G.=4.20-4.35. Compo^tionBa77.7, C22.3. 

PjT. &c. B. P. With acids, it effervesces slowly. It must be 
heated to dissolve it. It decrepitates, colors the flame yellowish-green 
and fuses to a limpid globule, which becomes opaque and is absorbed by 
the charcoal. 

It is also found in crystalline m^ses, and is sometimes concretionary 
and fibrous. Its fracture then has a peculiar silky look. It is, at the same 
tjme, scaly. These masses are I'emarkably translucent Their density 
will distinguish them from similar masses of Oolcite. It is distingtiished 
iVom Cnlcito and Aragonite by its fusibility ; by giving a green flame, from 
Strontianite ; by its effervescence, from similar minerals which aie not 
carbonates and, by giving no metallic reaction, from metallic minerals. It 
is iM'gcly used in chemical manufactories for the preparation of Salts of 
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EaiTta, which are used in analysis and, to some extent, in pyrotechny. 
Artificialiy prepared. It is used as a paint for water-color drawings. It is 
Hometimes used as a poison. 

FOBMULiE OF THE CErSTALS. 

PI XIV. 

Mg. 9. P. 2 5* 03. Botli forms are equal and apparently make a hex- 
agonal pyramid. Mg. 10. The former combination, with OP. Fig. 11. 
raP. wj?o3. P.2Fot.0P. IJg. 12. wP. oJpm. P. SPm. ^ P. 3 P. 
SlPco. iFos. Fig. 13. Horizontal projcctioii of a composite crystal, 
formed by six simple crystals, »P. being tlie composition face. 
BarytocHlclte. d fia+i Ca) C. Mosoclinic. 

Its primitive form is an inclined rhombic prism of 106° 54'. The usual 
form is shown in J?V^. U. Pt XIV. Cleavage, easy parallel to the prism, less 
easy, parallel to the base. Lustre, vitreous. Color white, gray, greenish 
or vellowish. Fracture, uneven. Streak, white. Composition Sa C 60. 3, 
Ca 33.T. 

IPyr. &c. B. I*. Fuses with difficulty on the edges, coloring the 
flame yellowish- gi'oen and becomes greenisli. With Sa on Ch^ the Ba 
is absorbed and the Oa remtdns on the Ch. Soluble in dilute S. This 
mineral is comparatively rare. It is quite remarkable that it ia 
not isomorphous with the variety of Calcite which containa Pb 0, while 
the carbonates of ^b and Ba are both prismatic and isomorphous. 

FORMULffl: OF TRB CRYSTALS. 

PI XIV.— Fig. 14. CO P. CO f" 3. P. P 00. 
STRONTIVItl. 

Celcstitc, Sr S. ORinoRHOMBic. 

Syn. — Celestine, CaJestin, Sfrontiano aulfatSe, 

The primitive form is a right rhombio prism, of 104° 2'. The bluish 
crystals havo usually the first type of the crystals of Barite. The white 
Celestite from Sicily has another form, which is that of the last type, 
Mg. 18, PI, XIV. It has also another form which seems to belong to 
the terijary formations. This is from the round masses of Celestite which 
are found at Paris and in the silex of the challc. These are produced as 
follows : During tiie tertiary epoch, while the formation of Gypsum 
and of chalk was going on, Uio silex of the chalk was more or less 
cracked. Into these cracks waters, charged with &r Sin solution, infiltrated 
and soldered them together, 

Ali of tliesB crystals have a special form, from which the primitive type 
has entirely disappeared. They are often, acicular, and it is not always 
easy to distinp:uisli them as orthorhombic. 

Celestite is isomorphous with Barite and Anglesite. The prismatic an- 
gle which in BaS was 101° is 104° in Sr S. The cleavages are the same. 
The crystals are usually smaller and less distinct than those of Barite. It 
ia oflener white than fia S and has frequently a bluish tinge, which 
ia chiiracteristio and from whence it received the name Celestite. 
Sometimes it is soluble, occasionally triohroic. Its lustre is very 
bright, often pearly, generally less resinous than that of Barite. Its frac- 
ture is lamellar and sometimes conchoidaL Streak, white. H,=3-3.S. 
e!.=3.S2-3.575. Composition, fir 56.-1, S 43.6, 
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PjT, &C. B, P. Decrepitates and fuses, coloring the flame red. 
If fused in R. P. and then dissolved ia oeid, it gives to the alcohol 
flamethe characteristic red color. On Oh., acts like Barite. Insoluble in 

It is also found in lamellar masses like Barite, but the oleavage is less 
easy. It is also found fibrous, usually ia parallel fibres filling up cracks in 
the rocks. They are usually perpendicular to the sides of the rock, some- 
tiinea ou one side, sometiiues on the other. These masses are generally 
blue. In regarding the cleavages, it will be seen that each flbre is a 
crystal whii^ belongs to the type of the tertiary formation. It ia often 
saccharoidal when it is found in marls and clays. It is also found in the 
tertiary formations in compact earthy masses. These are generally fotind 
in. rounded masses, which often lie togetlier in beds, like the silex of tke 
chalk formation. These masses are often hollow or cracked in their in- 
terior, which is then filled with crystals of Uie tertiary type. The density 
of OelesUte is great, it is however a littie lessthan Barite never reaching 
4. It is quite difficult to distinguish it from Barite, especially when it is in 
lamellar, saccharoidal or compact masses i a test must then be made. It is 
reduced to a sulphuret, dissolved in H CI or K and mixed with alcohol to 
get the flame. The two bases might be distinguished by the crystals of 
Nitrate or Chloride. 

Celestite is used in the arts for making Nitrate of Strontia wliich 
produces the red color 'm fireworks. An attempt was made, soine years 
ago, to use the very large deposit on Strontian Island, in Lake Erie, for 
adulterating' white paint, but it does not appear to have been successful, aa 



mly a few cargoes w 



F TDE CRYSTALS. 



PI. XIV. 
H?. 15. P<». Pot. coFo;^ Mg. 16. Pot. a,F2. Fco. oopm. 
Mff.n. Fs. ?'o=. Fiff. 18. Pco, Pco. 

Strontlanlto. Sr 0. OiiTuoRiroMDic. 

Crystallines as aright rhombic prism of 117° 19'. It has a cleavage 
paraUel to the prism and to the braohy-pinacoid. The usual forms are 
shown in i^'^s. 19,20,21,22. PI. XIV. It isisomorphous with Witherite. 
The pseudo-hexaffonal pyramids are however much rarer. The crystals 
are usually complete prisms, but are almost always small and not very 
distinct. They are most frequently needles, the details of which are only 
visible with a glass. Lustre, vitreous or resinous. Colors gray, white, 
yellow, brownish and pale green ; transparent, translucent. Streak, 
white. Fracture, uneven. H.=3.5-*. «. =3.005-3.7 13. Compo- 
sition Sr 70.2, C 29.8. 

Pyi". &c. B. P. Swells, arboresoes and fuses on tiie thin edges. 
Moistened with HOI, gives the Strontia color. With Sa fl on Oh., fiises 
to a clear glass and all the fir is absorbed by the Oh, Soluble in H CI. 

It is often found in concretionary masses which are fibrous and 
tufty, and are usually yellow isli, with a very resinous lustre. 
These concretionary masses are often grouped round a crystal 
It usually has a greenish color, which is characteristic, and which has 
caused the name of asparagus stone to be given to it. Tins name, 
however, properly belongs to Apatite. These masses are generally ooa- 
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cretionary, fj'anslueent and analogous to Witberite. The density wonld 
confound it with Ba 0, ivhea the distinctiou must be made by tiie color 
of the flame. It is used for Pyrotechnics, 



PI. XIV. 

Mff. 19. coP. toFot. OP. P. 2Fo=. JVj. 20. The preceding, with -i P. 
Pm. Mff.21. coP, oaPai. OP. P. i P. Mff.22. ooP. ooPoo. OP. P. 
J- P. 2 P CO, Tlic last face predominant. 

CAS-CIUM. 
Aiiliydrtto. do. B, Orthorhombio, 
Syn. — Muriazite, Karstenite, Chaux sulfatee anhydre. 
It crystallizes as a right rhombic prism of 100° 30', with three easy, 
but unequal cleavages whicli lead to a rectangular prisrn, usually the 
dominant form. Lustre, vitreoas and brigbt on the cleavage faces; when 
massive, it is vitreous or pearly. It is translucent or transparent, and 
generally colorless. The colors are never very decided, but are light 
tints of gray, rose, blue, or violet. Fracture, uneven. Strealc, white, 
H.=3-3.a e.=2.899-2,805. Composition, Ca 41.2, 8 58.8. It is 
found especially in association with sal^ in fibrous masses, which are gen- 
erally bent and show traces of cleavage in the direction of a normal to the 
curves. In this condition, it resembles some of the masses of Celestite, 
but its density is much lower, being 2.9 at the most. Lilte Celestite, it ia 
found bluisli in certain localities. It is also found in saccharoidal masses, 
anali^us to Calcite, but it is usually more transparent, its density is 
greater and its cleavage is different. It sometimes occurs in large, 
compact masses, with a oonclioidal fracture, wbich may also bo rectangu- 
lar or scaly. These masses can be distingmshed by their transparency 
and hardness. 

It is susceptible of decomposition, or rather of alteration, as in damp 
air it becomes hydrated, effloresces and changes to Gypsum. Masses thua 
altered have been found, retwning their transparency and their rec- 
tangular cleavage, but which can be scratched by Uie nail, and are Gypsum, 
at least near tlie sur&ce of the crystal. At Bex, in Swit^eriand, the beds 
are sometimes altered to the depth of 20 to 30m, This alteration is also 
quite frequent in collections. It ia &e cause of difEculty in working 
certtun salt mines. When one of the gnlleries of the mines passes through 
a mass of Anhydrite, at the end of a certain time the latter becomes hy- 
drated on the surfaces and swells. This throws down the wood-work or 
supports of any kind (hat maj^ have been used, so that the gallery has to bo 
rebuilt, sometimes several times, until the alteration has taken its fuE 
efleot and has entered for a considerable distance into the mass. 

Anhydrite is distinguished from Gypsum by being harder ; from the 
zeolites and the carbonates, by its action with acids. Some varieties 
ai'o cut and polished and are colled alabaster. It is found at Lockport, 
N. T., associated with Dolomite and limestone. 

Pyr. &ts. D. P. Heated, it becomes ivhite, coloriug the flame 
reddish-yellow, buS does not exfoliate; heated longer in tne II, F,, it 
melts at 3, witii an entunel which bi-eaks up and becomes pulverulent and 
which, when moistened, shows (3ie usual reaction for sulphur, Witii 
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Sa 0, doos not give a olaar bead and is not absorbod by the charcoaL 
Soluble in HCL 100 parts of S at 18° dissolve 0.3 parts. 

It is generally found in semi-crystalline, lamellar masses, quite analagous 
to Oalcite, but more ti'anspaient and with, reotangalar instead of rtionibo- 
liedral cleavages. 



PI.XW. 
Mff.23. OP. mPco. CO Pot. cop. Pot. P. 2P2. 3P3. Fig. 24. « P. 
Pot. Stassfurtli. J^- 23. OP. to P. ?OT. Stassfurth. 

Oypsiim. Ca 3'l-2 S. Moi^oclimc. 

Sts.— Gyps, Chans sulfatee, Seienite, Satin Spar. 

It takes the form of the oblique rhombic priani of 138' 28', and has 

three cleavages. The one parallel to ^e clinopinacoid is very easy, the 

two others are perpendicular to this; one of Uiera has a vitreous lustre, 

the other is fibrous. The lustre is pearly, owing to the fact that the moss 

is not perfectly oolierent. It is rarely ever fouod in its primitive form, on 
account of tlie very easy cleavage parallel to =o P ot. The two others ai e 
perpendicular to this one, one parallel to th.e base, which has the fibrous 
cleavage, and the other is parallel to copco, which is vitreous. They 
Eometiraes have the modifications co P co, with the faces of the prism and 
heraioctahedron P. Sometimes the faces of the prism have the other 
hemioctahedron -P. on the lowei- acute angle. Sometimes the faces 
of the hemiorthodome P ot appear on the obtuse angle. 

These intermediate &ces are almost fdways curved, which appears to take 
place in the middle rather than on the edges. Tiie faces of the prism 
ooP, frequently disappear and give rise to rounded figures, BHg.Si, P?,XIV, 

The mirrors of cleavage however are visible upon these rounded aces. 
These crystals are often hemitrope around one of the faces, which gives 
rise to arrow-shaped erystala, which, notwithstanding the rounding of the 
faces of ilie hemioctahedron, have the line of Junction always straight. 
Sometimes a large number of these crystals are joined, forming a peculiar 
wedge-shaped crystal. 

Other hemitropes also occur by a hemitropy parallel to to Pco . The 
same twins sometimes occur that wa have noticed as occurring in the 
Orthoclase of the Trachytes by half penetration, Fig. 37. When &\s takes 
place in lenticular crystals, tlie form of the crystal is hardly recognizable. 
A great many crystals are frequently grouped to^etlier and have very 
complicated dispositions. Gypsum is quite soft and is easily scratched with, 
the nail. lis colors are very variable, generally not very stronop. It is gen- 
^y colorless or whitlsli. It often has Fe interposed, when it is red. It 
is also yellow, blue, brown or black, whicb colors seem to be owing 
to organic matter. It is often transparent or translucent It has a vitre- 
ous lustre, which, on some of the faces, may be adamantine. It is 
soluble in HCl. or in 400 to 503 parts of S. 0.=1.5-2. ©.=2.814- 
3.2a Composition, Ca 82.6, S 46.5, E 20.». 

Pyr. Ac. B. P. At tlie first touch of heat, it swells and ex- 
foliates in direction of the easy cleavage, becomes white and loses its 
water. It then fuses at 2.5 to 3, coloring the flarao reddish yellov/, 
and acts like Anhydrite, giving a globule of CaS. 
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Q-ypsum ia largely found in tlie clays of the secondary formation, which 
fire found aceocupanying salt In this association, the crystals are gen- 
erally white, and often in flexible lamelife. It is also found in very lat^e 
be(ls in the tertiary formations. These crystals are whitish or sometimes 
colored by o^anic or bituminous matter, in lanielto, which are not very 
flexible. Ia some exceptional cases, crystals are found wtieh are very 
much bent even in their oleavt^e. Gypsum ia also found in lamellar 
masses, made up of a large number of imperfect crystals, which often 
show hollows, as their union is not very perfect. It is also found fibrous, 
lining cavities. These fibera are generally parallel, and have a bright, 
silky lustre. It is found saccharoidal, with a grayish color, and is made 
up of little, imperfect crystals, notveiy coherent and often aightly trans- 
pareat. This is the condition of the plaster of Paris in the environs of 
Paris. Wheu found compact and with a conohoidal fracture, it constitutes 
the ordinary alabaster which is used for making ornamental objects. 
Those are not of very great value, because, being very sot^, they ai'c easily 
deteriorated. In some places, as wi accident, Gypsum ia found in scales, 
which are very small, flat crystals, white and almost uniform in size. They 
are sometimes found in eaviUes in beds of Gypsum. They can hardly be 
mistaken for anything but Barite, but their association and a chemical test 
will distinguish them. Like Calcite, it ia very often found in the condi- 
tioftof concretions, which are often very well crystallized. Crystals are 
often foundon the sides of galleries of abandoned quarries; and concretions 
in steam boilers, when waters containing Ca S in solution are used, or in 
the pipes through which these waters have flowed. In the exploitation of 
salt, especially at Bex, in Savoy, beautifiil crystals are found, which have 
been deposited by the waters used to dissolve the salt. 

Gypsum frequently resembles Heulandite, Stilbite, Talc and the Micas, 
from which its hardness and action with B. P. will readily distinguish it. 
The fibrous varieties resemble fibrous Quartz, Aabestus, some varieties of 
Calcite, and some of the fibrous Zeolites. The hardness, action of acids 
and of the B. P. distinguish it. When burnt and ground, it constitutes 
the Plaster of Paris of commerce. The white fibrous varieties are often 
made into personal ornaments. It is also used in agriculture, as a manure. 

It is found inlargebedsin New York, Ohio, Illinois, Michigan, Vii^nia, 
Tennessee and Arkansas, and is usually associated with salt springs. 
Crystals are found at Lockport, N. Y., St. Mary's, Maryland, Poland 
and Can&eld, Ohio. At the Mammoth Cave, in Kentucky, it occurs in 
the form of rosettes, stalactites, and many other fanciful sliapcs. 

rORMl'Lffi OF THE CHYSTALS. 

ri. xiT. 

Fig. 26. otP. tn P qd. P. -P. Mff. 27. The preceding, with the 
prismattc faces smaller, Hff. 23. mPoo. mP. -P. Fig. 2D. co P cc. 
roP. a)P2. -P. iPco, J%. 30. -P. odP. odPoj, ^Po.. Fig.31. 
Mg. 29, with the pyramidal faces curved, i^y, 32. Lenticular crystal 
.PV.33. ooP. P.-P.ooPtD, with curved faces. Fig. Zi. P. -P. with 
curved (aces. Fig. 35. Tv/In. ci'ystal, with the combicatioa J^. 28. 
Compoaition-fiice parallel to mPo=. Fig. 3G. Twin crystal, with the 
combination Fig. 26. Fig. 37. Twin by interpenetration, Mg. 38. 
Crystal, showing the twin plane -Poa. F'iff. 39. Twin from the pre- 
ceding. Mg. 40. Group of arrow-headed crystals. 
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Fluorlte. Ca FL Isometric. 
Sts.— Flussapath, Fluor Spar, Derbyshire Spar, Chaus fluatiSe. 

It lias a very easy octahedral cleavage. Tho most usual form of 
Fluorite is the cube, Mff. 1, PiXV.or the tetrahexahedron, Mg. 8 or com- 
binationa of both, Mg. 9. It is also found in rhombic dodecahedra 
and octahedra, Mg. 3, tetragonal-trisootaliedra and hexootahedra, Mg. Hi 
■with or without the cube, but these forms are rare. A complex crystal 
is shown in Fig. 12. Distotted form, Fig. 15. Twins, Mffs. 13, 14. The 
fracture is generally lamellar, conchoidal and sometimes scaly in the 
compact varieties. Streak, white. Its lustre is vitreous and usually 
very bright. The colors of Fluorite are very variable. It is sometimes 
entirely colorless and transparent. It has all the shades of yellow, violet, 
green, ted and blue. Crystals are sometimes found which show both 
tho blue and green color. This is. However, not. a tiue dichroism and is 
called Fluorisni. These crystals are monorefringent and become phos- 
phorescent under the influence of heat or light. Some substances are 
phosphorescent only while they are under the influence of the rays of 
tight, but others remain so afterwards for a longer or shorter time. 
Fluorite is one of the latter. The same specimen often shows several 
distinct colorations. H,=4. ©.=3.01-3.25. Composition, Oa=51.3, 
Fl=48.7. 

Pyr, &c. B, P. It decrepitates, becomes milt white and fuses to 
an enamel, coloring the flame red (Ca). With Salt of Phosphorus, gives the 
reaction for Fl. When it contains foreign substances, it remains colored, 
except when the colorations are produced by organic matter. It is in- 
soluble in HCl or fi'j S dissolves it easily without effervesoence, giving 
off H Fi. which atta^iks glass. 

It is also found concretionary in layers, which usually show a very 
marked difference of color. Tho line of junction of these different layers 
is usually zigzag, caused by an attempt at crystallization. The color of 
these masses is often green, violet or rose. In tliis condition it is some- 
times used to make ornamental objects. It was of this variety that the 
Murrhina vases, so much esteemed by the ancients, were made. In 
this condition it is very frequently associated with Quarta. It is 
also found saccharoidal or granular with a grayish color. It might 
in this condition be mistaken for Barite, but its density will distinguish 
it. It is found compact, as the gangue of some veins. These masses 
have a smooth, conchoidal fracture, sometimes scaly. Their colors 
are generally feeble and unequal in different parts of the mass. In 
this condition it might be confounded with Barite, Petrosilex and Agate. 
From the last two, it is distinguished because it is easily scratched by the 
knife ; from Barite, by its density and a test with S. Where it is semi- 
crystalline, it sometimes resembles the emerald, but differs from it by its 
hardness. It may also resemble certain varieties of Wernerite, but ia 
distinguished by the cleavage, which is distinct and vitreous in Fluorite, 
while it is resinous and scaly in Wernerite. It also resembles Apatite, 
but is insoluble in all but S, while Apatite is soluble in other acids 
without residue. Among the varieties, there is one which contaifis a small 
proportion of Kl ; it shows opaque and transparent parts, which are quite 
hard and strike Are with the steel. These contain Si or SI, or some- 
times both. Perhaps these two substances are in the state of Si Fl, or 
perhaps as a fluosilicate of lime. In many localities the crystals of 
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Fluorite whieli were formed have been afterwards destroyed, and have 
left cavities in the rock which have been afterwards filled with Quartz. 
By our ordinary methods we are forced to consider Fluorite insoluble, 
which shows that we do not understand the method by which this pseii- 
domorph has taken place. Under the name of Derbyshire Spar, it is 
much used as an ornament. It is largely employed in making hydro- 
fluoric acid, which is used for engraving glass or silicious minerals. It 
is largely used as a flux for reducing ores and hence its name. It ia 
found in the tJ, S, in veins, sometimes associated with metals. At Trum- 
bull, CLj it is associated with Topaa; at Amity, K. Y., in narrow seams 
with 8pmel and Tourmaline. 



Mg. I. coOoj. Mg. 2. 0. Mg. 3. 0. ooO<». Mg. i. mOoj 
0. Fig. 5. coOro. 202. Flff. 6. 0. roO. I^. 7. coOoo. a>0. 
Flg.fi. od03. Mg.d. <»Oaj. ooOS. Ijg.lO. ooOoo. 402. Mg. 
11. 402. J^. 12. coOo^. mO. 202. 80. 40 2. J^. 13. Twin 
crystal. Mg. 14. Twin crystal. Mg. IS. 20 2. Bistorted to the' 
obhteration of some of the faces and forming a soalenohedron. Figs. 
16, 17, 18, 10, 20. O. Fornis obtained by cleavage. 

Apatite. Ca= f+i Ca (01, J). Hexagonal. 
Sys. — Asparagus Stone, Ohaus phosphafCe, Phosphate of Lime. 

It has an imperfect cleavage parallel to the base, and a less easy one 
parallel to the prism. Its fracture ia unequal,' conchoidal, rarely lamellar, 
but generally smooth and brilliant. Transparent or opaque. Crystals 
of Apatite have generally the forma of the hexf^onal prism, which, is 
often striated in the direction of the vertic^ axis. The colorless crystals 
from St. Gotherd, frequently have the hemihedra! forms with parallel 
faces, pLXV.Fiff. 25. Sometimes the crystals are very much distorted, 
Mg.i, PiXVlThe crystals have often the appearance of having been subject- 
ed to the action of some solvent, which has rounded the faces and given 
them a vitreous appearance. This is sometimes carried so fair that the 
faces of the crystal are entirely rounded, losing all trace of their form. 
Such crystals are usually disseminated in a gangne of Talc The streak 
is white. The lustre of Apatite is generally vitreous on the plane feces, 
but when the faces are curved tiie lustre is rather resinous. Tke colors of 
Apatite are very various. In some places, as in the Alps, especiallj near 
St, Gothard, small transparent crystals are found, which are colorless and 
have a very brilliant lusti-e. They are oftenest found in cracks in the 
rocks, and the crystals have a large number of faces. Generally, however. 
Apatite is found in large crystals, which are yellow, green, blue or violet. 
The colors are not quite so brilliant aa those of Fluorite. H, =4.5-5. 
«.=2.92-3.25. Composition, P 40.92, Oa 48.43=89.35 ; CI 6.81, Oa3.84 
or P 42.26, fia 50=92.36, Oa P; F 3.77, Ca 3.97. Sometimes the P is 
replaced by As, 

Pyr. &c. B. P. Fuses with difficulty on the edges at 4.5, coloring 
the flame red (Oa), It is soluble in HCiand S, without residue, Thisre- 
action is not absolute, for when it contains Ca Fl, there is a slight residue. 
It is sometimes phosphorescent in the dark, especially in powder. 

In Sweden, at Eosaie, ia the state of New York, and in Canada, very 
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large crystals havebeen found which are almost always green. They have 
a calcareous gangue, and hare a six-Mded or basic termination. They are 
frequently contorted or bent. These crystals have very often a rounded ap- 
pearance and a very resinous lustre. In certainrarecases, Apatite might be 
mistaken for emerald, but can be distinguished from it by its lustre, hard- 
ness and cleavage. Apatite is someUtnes found in grains, with traces of 
cleavage. These gnuns are easily distinguished by their lustre. In 
Spain, an earthy variety of Apatite is found, which, without examination, 
m^ht be mistaken for a silicate. Its fracture is senii-crystallitie, or fibtoua 
in some parts. It can be diatiaguished by the blowpipe and its solubility 
in acids, A compact variety, resembling an impure limestone, has been 
found near Charleston, S. C. It is used in malting fertilizers. 

rORMULAJ OF TJIE OBYSTAtS, 

pixr. 

^y. 21. cop. P. Particularly on Moroxitc. Fy.22. cop. OP. P. 
The mo^t usual form. The prismatic fnces often striated by oi P2, Fig. 
23. The preceding, with 2P2. -%. 24. <¥>?. OP. ^P. 2P2. 
Fi^. 25. coF. OF. P. SP. 2P3. SPf. P2. a>P2. From St 
Gothard and interesting, owing to the hemibedral oceurrence of SPI- 
and oiP |. J^. 26. ojP. a>P2. OP. iP. P. 2P. PS, 2P2. 
4P2. Pt.XVl.Mg.l. Distorted crystal, with the following form. Mff. 
2. ■»?. wF2. OP. iP. P. 2P. 2P2. 3Pf 4PJ.P2. 

Pharmacol fte. (i 6a+^ fl)' ts. Monoclinic. 

CrystidJJzes as an inclined rhombic prism of 131° 6'. It is usually 
found as the product of the alteration of metallic sulphides, especially of 
Niekel and Cobalt, in presence of lime. It is usually found in crystalline 
needles, or in cotton like efflorescences. Fracture, uneven. Lustre, 
vitreous. Cleavage, parallel to the clinopinacoid. Translucent, opaque. 
Color white, gray, or tinged red with cobalt Streat, white. H.=2.-2.B. 
G.=3.64-3.73. Composition, Ss=51.1, Ca=24.9, S=34. Its formula 
varies somewhat, but it is always hydrated, 

Pyr. &c. B, P. Yields ft in a closed tube. In O. P., fuses with in- 
tumescence to awhite enamel ; on charcoal in E. P. gives an arsenical odor 
and fuses to a transparent bead. Insoluble in fl, but soluble in acids. 



PI. XVL 

Mg.S. OP. -P. coP. aiPm. i F co. 

Aragouitc. Ca &. Ostiiorhombic. 
Sys. — Arragon Spar, Flos Ferri, Eisenbliithe. 

Crystals of Aragonite are rarely ever simple. When they are, they 
usually liavo the form Fig3.4-10, jPtXTL The exterior of tliose crystals 
shows a form which is generally more ^mplo than their real structure. 
Their section frequently shows a hemitrope around the prism, Fiff. I3. 
Instead of beipg like Figi 12, sometimes the crystals are hemitrope severd 
times and then have a section like Fig. 13. The complex crystals show a 
base which is grooved or, at least, striated, and this shows ifs twin forma- 
tion. They ateo sometimes have a formation which is more or less com- 
plex, where the different crystab can bo distinctly seen, as in Fi^, 17, 
which is made up of several crystals. The angle of Ai-agonite is very 
near 120" ar.d it thus takes those limit formg, which are so near to the 
hexE^ntJ prism, as in Witherite and Strontiaiiite, 
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Aragonite is found in great abundance and especially in iron mines, as 
at Bastenea, in Prance. At Aragon, in Spain, it occurs in crystals, ap- 
parently made up of the hexagonal prism and base. These crystals are 
really made up of four or six simple crystals and are very complex, as 
the Btriations on the surface show. They sometimes have a hollow cen- 
tre or a cavity, from which other crystals start, F^g. 14. In other iron 
mines, especially at Eramont, in the Vosges, and at Rossie, N. Y., a 
pseudo-hexagonal pyramid is found, which is made up of an acute rhombic 
ocfaiiedron and braehydome. The oirstals of this last variety often pass 
into bacillaty crystals, made up of almost parallel bagueiles, which are 
sometimes arranged in diver^ug braoches terminated on the surface by 
faces of crystals. These masses do not show any sign of cleavage, and 
usually have an unequal and conchoidal fracture. When the baguettes 
are very fine and arranged dose together, the fracture is silky. 

It has three cleavages; parallel to the brachypinacoid it is distinct, but 
it ia imperfect, parallel to the prism and braehydome. Its fracture ia 
scaly or subeonchoidal. Its lustre is bright, vitreous or slightly resinous, 
especially ia the concretionary varieties. Transparent or translucenL 
Color, wlute, gray, yellow, green and Tiolet Streak, white. H. =3.5-4. 
G. =2.927-2.947. Composition, Ca 56, € «. 

Pyr. &C B, P, Heated in a tube, Ars^onito decrepitates, and 
takes the form and density of ordinary Oaloite, thus losmg trora 3 to 4^ of 
its own, Whitena, falls to pieces and then acts ]ike Oalcite, With acids, 
it effervesces slowly. 

Aragonite ia Oa iO, crystallized under peculiar conditions. Oalcite ordi- 
narily crystallizes in tie hexagonal system, while Aragonite is orthorhom- 
bii^ the angle of the prism being 116° 10'. It is isomorphoiB with 
Witherite and Strontianite, with which it sometimes occurs. It not only 
differs from Oalcite in its form, but also in its associations and its position. 
Thus, while hex^onal Oa may be reproduced under ordinary tempera- 
tures, when that temperature is raised to 60° or 70°, it crystalUaes ortho- 
rhombic with the form of Aragonite. The conditions of crystallization 
may also be modified by causing it to take place in the presence of foreign, 
substances. Thus the addition of salt allows of the formation of Ari^o- 
nite at a lower temperature. This is a remarkable dimorphism produced 
by change of condition, and it is all tlie more remarkable, as it is the 
transition between the prismatic and rhombic carbonates. This same di- 
morphism was thought to be shown in Siderite, and Dufr^noy thought he 
discovered a carbonate called Junijkerite ia right rhombic prisms of 118°. 

In large masses its colors are frequently disposed in concentric zones. 
A variety is found in small bent stalactites, which is called coral Aragonite. 
Its fracture is radiated and fibrous. It is also found compact wnen it 
resembles Oalcite very much. It is, however, distinguished by its v/ant 
of cleavage and its decrepitation with the blowpipe. It is distinguished, 
by its density, from Witherite and Strontianite and, by the blowpipe, from 
Barite and Celestite. It is frequently found in lavas and other volcania 
rocks, where it lines cavities. It might be confounded with some of the 
Zeolites, and especially vfith Natrolite, on account of its radiated form- 
But it can easily be distinguished with a glass, as the crystals of Natrolite are 
terminated by an octahedron, while those of Aragonite have either dome* 
or very acute terminations. The distinction can be made by a blowpipe 
test, or with acids. It is also found pseudomorphic of certain lossil 
species. Thus the Inocoramus Ouvieri found in the chalk, is Aragonite, 
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while the Bchiaoderms, asociated with it, are Calcite. Associated with 
certaon metala, it takes different colors; with copper, it ia green; with 
cobalt, it is rosy or violet. 



PI. XVI. 
Fig. 4. K>P, coPco. Pw. Fij. o. The preceding, with P. Mg. 6. 
The preceding, with2 P 2, Fig. 7. w P. 2? □=. OF ; from Spain. Fig. 8. 
CO P. =0 Pos. OP. The base is striated parallel to the braohy diagonal. Fig. 9. 
6P5. 6Pco. This foiroia the haaU of the pointed crystals. Fig. 10. 6Vi. 
00 P. top CO. GPco. Poo. Fig. II. Section of a twin crystal, showing 
the stiiations. ^g. 12. Section of a twin; composition face, 00 P. j!^, 13, 
Trillii^, consisting of three individnala. Fig, 14. Crystal, consisting of six 
individuals. Fig. IS, Crystal, consisting of fear individuals. The pointed 
crystals are often twinned in this way. Fig. 16, Trilling crj^tal. Fig. 17, 
Composite crystal, formed by interpenetration, as in the crystals from 
Sptua Fig. 18. Group of four crystals, (a P. 2 ?<o. Fig. ID. Twin crys- 
tal, CO P. ccPoD. Po5. Mg. 20. Twinning many times repeated, with 
e reversed layers. 



Calctte, Ca 0. Hexaaosal. 

Syn. — Calcareous Spar, Carbonate of Lime, Kalkspath, Kalkstein, 

Chaux carbon at^e. 

The crystalline forms of Calcite are very numerous, the largest of any 
known mineral De Bournoa, in 180^, described 691 forms of Calcite and 
49 of Aragonite. We shall only sneak of the simplest of the ordinary 
forms and of the most interesting of the composite ones. These give rise to 
nearly rilthe possible mades of the hexagonal system, most of which have 
been found in Calcite. When it is perfectly pure, it crystallizes in rhombo- 
hedra of 105° 5' ; which angle however is not invariable, because Calcite is 
very often, we might say always, mised with Slg, ("e or atn. These carbo- 
nates are also rhorabohedral, with angles only slightly different from those of 
Calcite, so that, while the crystalline form is not very much altered by this as- 
sociation, it is nevertheless somewhat modified. The angle of the rhomho- 
hedron is thus diminished or increased a little by the presence of these 
isomorphous carbonates, but it always oscillates around the angle 105°, 
and the variations are very small, not exceeding 2°. 

Calcite has been found in 50 or 60 different rhombohedra. Of these, four 
are the most remarkable. The first is the primitive rhombohedrofl E, Mg. 
22, Pi XVI. which is rarely found as a crysttJ. The second, -J E, is tangent 
to the first, and is remarkable for being quite flat, Mg. 21 ; it frequently oc- 
curs rounded. The third, -2 E,i8theone to which the primitive rhombohe- 
dron is tangent ; it ia acute and is the one in which the Foutainebleau sand- 
stone usually occurs, i%. 23. It is referred to under Quartz. The fourth, 
4 B, is very acute, Mg. 24. The fifth, ~f R, is the very rare one which is 
called the cubic rhombohedron, as it has an angle very near 90°, Mg. 27. 
When the rhombohedron 4 R, is truncated on the terminal angles, we 
have a form which very much resembles an octahedron Fig. 1, PI. XVlt, 
when truncated below the angle, it resembles an hexagonal prism. 

Calcite is frequently found in hoxagonal prisms, resulting from tangent 
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mod fl at ois on the edges or angles of the rhomhohedron. Tliese two 
p sm m y be readily distinguished by the .different positions of the 
nu ora ol cleavage ; tliey frequently show the base and are often termina- 
ted n vh ch Rase it will be very easyio distinguish tlie rhombohedra and 
the prisms. This association of the prism and rhombohedron, frequently 
reaemblea a rhombic dodecahedron, but the angles differ, the vertical faces 
being inclined to each otlier 120°, while the three rhombohedral faces have 
the angle 105°. By a hemihedral modification of one or the other of 
these hexagonal prisms, a trigonal prism is produced. Calcite is also found 
as acalenohedra or as rhombohedra modified by the faces of a soaleuohe- 
dron, either on the vertical or horizontal edges. The combinations of 
these forms with the hexagonal prism are also found, as well ^ with the 
hexagonal and dihexagonal pyramids. Besides these comparatively simple 
forms, there are other maoled varieties formed by joining rhombohedra 
and hexagonal pyramids, or by twinning them on the vertical axis with 
the angle 60°. In the ease of the ao^enohedrou, the hemitropy is formed 
around one of the faces of the primitive rhombohedron E. This hemi- 

tropQ is remarkable for the great development of one the faces of the 
Boaienohedron, Mgs. 27, 28. The faces of the rhombohedron -J R are 
firequently rounded, and, as they are very flat, the crystals are often very 
much distorted. The carbonate of lime is then very impure and, the differ- 
ent carbonates not taking tlie same angle, the form is the resultant of them, 
all, wliicli win be a curve, and the effect ia that the cleavage plane is also 
curved with it. Oryst^ofCalciteare frequently striated, the strise usually 
resulting from a hanitropy, which is usually around a nonnal to one of 
tho faces of the primitive rhombohedron. It has three easy cleavages 
parallel to tJie primitive rhombohedron. The fracture is conchoidal, but 
IS rarely seen. The lustre is vitreous or earthy. Transparent, opaque, 
Tho colors are not generally very decided. It ia usually white, some- 
times yellowlsji, gray, red, green, blue, violet, yellow, brown and black. 
The streak ia white. It is double refracting. H.=2.5-3.o. G.=2.508-2. 
729. Composition, 6a 56, 44. 

Pyr. &c. B. P. In a tube sometimes decrepitates. It is infusible, 
bnt gives a very luminous flame, coloring it red, (Oa), It ia the same 
pheilomenon on a small scale, that ia produced with llie Drummond Light. 
when heated, it loses 0, and becomes 6a ; when this is moistened on the 
finger, a sensation of heat ia prodneed. It effervesces very rapidly with 

Calcite is one of the substances most extensively found in ratare. 
It is tho gangue of many veins either pure or mixed with other mine- 
ral^ and alone composes the latter part of the 'sedimentary formations. 
It IS found crystalline, imperfectly crystalline, lamellar, aoccharoidal, 
bacillary, fibrous, concretionary, compact and earthy. It is also found 
in lamellar masses, ia which the cleavage shows itself to a greater or 
less degree ; these lamelke become saccharoidal, and are often very 
smalL A lamellar variety is found in some localities, which has a 
very peculiar appearance. It is in large, very thin lamellfe, placed one upon 
another, with very slight adhesion, so that they are easily separated and 
resemble a cleavs^e. It is not, however, for all these planes of separation 
are limited by a cleavage plane. The real cleavage thus exists across the 
lamellie. Their edges usually show a modification which can bo seen with 
aglass, and which would, if carried out, form the primitive rhomhohediian. 
These lamelke simply adhere to each other, bnt Uie whole mass is fiill 
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of small empty spaces which separate them so that there is in this 
variety a very decided pearly lustre, which might cause it to be mistaken 
for Dolomite, which, however, never has this disposition of superposed 
lamella!. Calcite is often founii in baeillary masses formed by the union 
of imperfect crystals, which often come to the surface terminated 
with an acute rhombohedron, or sometimes with avery obtuse one: these 
varieties are sometimes diverging, and sometimes parallel. It is also 
found aa stalactites made up of concentric zones. These masses are some- 
times suspended from the upper part of the cavity, in which case they are 
called stidactites, but when they form on the floor of the cavity tliey are 
called stalagmites. The stalactites are usually conical and come down to 
a small pomt, and are frequently connected with the stalagmite below. 
The stalagmiies are often flat, but are also made up of concentric EOn^. 
These masses are often colored, especially by iron, whicli gives a different 
color from one Eone to another. Some of these masses are very much 
sought after in the arts, under the name of oriental alabaster. 
The least foreign substance, which may be introduced into water charged 

witii carbonate of lime will give rise to a conoretion. A grain of sand which 
is tlirown up and down by the force of a spring of this kind will form a 
pea-shaped concretion, especially if the water is made ta bubble or move 
in any way, so as to lose a pijt of its C in exce^. When the force of 
the spring ia not strong enough to agitate these globules, after they have 
got to a certain size, they fail to the bottom and soon become soldered 
together by the calcareous deposit, which the water gives up, so as to form 
a mass which is called Fisolitic limestone. On breaking any one of the 
globules tlie coneretion^y structure can be recognized. Upon tlie sides 
of some mineral veins, Calcite is found in very fine fibers, naving a fine 
silky lustre. It is found more frequently in saccharoidal masses, often 
colored by mixtures with foreign substances, and is then called limestone. 
One of the most remarkable of mese varieties is the fetid limestone. This 
is colored black by organic matter, which is probably of animal origui, and 
when breathed upon or struck, emila a very disagreeable odor. When lime- 
stone it is found with a veiy fine granular fracture, almost compact, it is 
used for lithographic stones. It ia .also found with an entirely compact 
and earthy fracture, and it is in this gtate that it exists as the rock of by 
far the larger part of the geological epochs. These are either deposits left 
by the evaporated waters, or sometimes chemical precipitates. In this con- 
dition the carbonate of lime is very impure, and is mixed with foreign sub- 
stances, especially silica, so that the fracture is frequently conchoidal. In 
large masses the rock appears like clay, but it does not adhere to the tongue, 
nor give out the arg^laceouB odor when breathed upon. If it is very argil- 
laceous it is called marl, which has some of the properties of cla^s, but it 
can always be distinguished from clays proper by the action of acids. It is 
aorrtetimes found exhibiting irregular cavities, somewhat like the silex 
called millstone, but is eaaly distinguished from it by adds, and by its hard- 
ness. The hardness, however cinnot alwayi be depended upon for distinc- 
tion, for it i 1 th t w th ft t jI 1 m t m y b d gly 
hard. Itialsf dpul lt,btmhin ly d lyb 
tween beds flmsto k d h ythth 
negative cl t rs It ft t tl t h d 1 t tt t th 
tongue; th fl h d w H ly d t fc s! t Ir 
other pulve ItVta Itn *!> ^ dpotdlm 
calcareous trs hchh Itth 6 Itisal f d 
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cretiona where tlie caustic lime, in contact with water and Q of the 
air, has become carbonated on the surface. Waters which are chained 
with Oa fieasilyformincruatations, and it is possible to direct these concre- 
tions, ill such a, way as to cover an object with carbonate of lime or to 
mould a delicate medallion with any degree of exactitude. These incrus- 
tations are generally made by placing the object in such a position, that the 
water drc^ upon it. In this way the water loses the excess of C. by virtue 
of which the carbonate of lime is dissolved, and the latter ia then deposi- 
ted. The most celebrated of these fountains are at Tivoli, Carlsbad and 
Auvei^no. Cftleite may form pseudomorphs, which when they replace 
organisms ore commonly called petrifactions or fosals. These psendo- 
morphs are not formed after the manner of Bilica, as the catbooate of lime 
does not take the structure of the organisms, but is only a mould of the 
interior, and sometimes only of incrustations on the outside. 

XJoder the name of marble, several varieties of Caleite are included, 
which are sought after In the arts, just as we have distinguished Jasper 
as Quarts under certain external conditions. A number of different quali- 
ties are requisite for mwbles. Those which are colorless,or only slightly 
colored, should be translucent on the edges. The pure varieties which 
fulfil this condition, Laye a saecharoidal or at least a granular frac- 
ture, like the marbles of Carrara or Paros. Other marbles have a 
compact fracture, but th'ey must he capable of receiving a bright polish. 
What is sought after particularljr is the disposition of the coloring 
materiai; these colors may be uniform whit«, blaek, yellow, or red. 
WTiat is most desired in such marbles, is that the color shall be uniform 
throughout. Marbles of variegated colors are also much sought after. 
Marbles colored in veins of black and white are called St. Anne. The 
marble of Numidia, so much sought after by the ancients, was yellow and red. 
The translucent onyx of Algeria is white, with orange yellow veins, but 
there area very large number of other varieties which are very much sought 
for. Marbles are not always exclusively composed of carbonate of Ume ; thus 
the marble called verd-antique is filled with veins of Serpentine and Talc 
There are other varieties of marble, which are called pudding-stone and 
breccia. These are pebbles of Caleite, held togelherby a cement of carbon- 
ate of Ume which is of another color. When the fragments are rounded, 
they are called pudding-stone, when angular, breccia. There are also mar- 
bles, wliich contain the fossil remains of organians, generally shells which 
are found in calcareous rocks of different color from themselves ; some ot 
these are black with white sheila, or white with red shells. The one called 
black granite is black, but has white Encrinites scattered through it like 
crystals of Albite in Melaphyre. Among these shell-marbles, is one known 
by the name of Lumachelle, which is peculiar. The shell, although fossii, 
has not completelylost the pearly color and i rid iseent hues, which give great 
brilliancy of eflect to the stone. Another is the marble made up of the 
juxtaposition of kidney-aliaped masses. The calcareoos deposits which 
were formed have become cracked in every direction and these cracks 
have been afterwards filled with carbonate of lime of another color. 
When the section of one of. these Stones is properly taften, peculiar mark- 
ings appear, which give the idea of ruina. These marbles are not very 
much sought afl«r ; they are found in Tuscany, and are known as ruin ■ 
marble. A remarkable variety of carbonate of lime is the one which still 
crysfallizes as rhombohcdra, but which contains Tmin 10 to 12 ^ fb 0, 
which is prismatic in form. The rhombohedion will consequently have 



.d by Google 



LECTURES on MINERALOGY. 



PtXTL 
Mg. 21. iE. Fig. 22. B. Primitive and cleavage rhombobedron, 
Fig. 23. -2R. Mj. 24. 4R. J^. 25. 13 E. Mg. 26. 16 E. OE. 
J%, 27. -fE. Angle^SS' 18' and resembles a cube very much. Fig. 

28. coK. OR. Mg.W. otR.-JR. J*^. 30. -JKcoE. Mg. 31. 
B. coE. Eeaembles a dodecahedron.. JI3. 32. -2E. coP2' Fig 33 
-2E. K Fig.Zi. -2R. -i^PLXVU. F^. 1. 4R. OE Eesemblea 
an octahedron. Mg. 3. 16E. -JE. _%. 3. -2R. -2R3 Hj 4 
4E. B3. i^j. 5. coR. E2. -JR; E2 is generally stnated parallel to 
the odge of R. Fig. C. E2. |Ba. R. M<!..7. B3. The mjbt fie- 
quent scalenobedron. Mg. S. E3. coP2. Mg. Q. E3 coE -2E 
Mg. m E3.coE.-4E3. Mg. U. E3. coR. iE3. Fij 12. E3 
B. Mg. 13. toR. R3. -JR. Mg. 14. B 5. K3. 4R. R. Mg. 15. 
E3. ^R3. -JR. E. -JR. In large complete crystaU, from Derbyshire; 
wiOi the base, as ia the figure, &om Abrnthai, Tyrol. Fig. 16. -fE. 
OR. E; |R=::e3° 18', verymucliresemljliDgacDbe. Mff. 17. coK. -2R 
OE. Mg. IS. coP2. wE. OE. 4E. -2R; a)P2 i3 striated parallel to 
the edge of E. Fig. 19. Twin crystal; composition-face -J E. Compo- 
ation often repeated. Fig. 20. Twin ; composition-face to R. Mg. 21. 
Twin; composition-face R. Mg. 22. Twin; composition-face -J- R. 
Mg 23. Twin, coK. -JR; composition-face OE. J^. 24. Twin, E3; 
composition-face OR. Fig. 25. The sam^ with the modification 
JE3. Fig. 26. Twin; compositioa-face -2 R. F^. 27. Distorted 
scalenohedroB showing the twin plane E. Fig. 28. Twin of same. Mg. 

29. Twin; CO E. E3. composition-face R. PI. XVIII. Mg. I. Twin 
of Fig. 13, Pi XVII. composition-face R. Mg.2. Twin, composition-face 
R,i%. 3. Distorted form of i%. 12, PL XVII. Fig. i. Nail-head crystal 
from Przibram. Mg. 5. Prism terminated with E. and containing inside 
E 3 Upped with a cube of Fluorite ; PhenixviUe. Mg. 6. Prism rounded 
by indistinct scalenobedral planes and completed with --JR. coR; from 
Bristol, Ct, Fig. 7. The same in the more usaal form. Mg. 8. E. 
OE. The basal planes being sunken. Fig. 9. Top of a crystal, Mg. 29, 
Jt. XVI. showing iJlo symmetrical arrangement of small crystals of Pyrito 
within the crystal. Mg. 10. The same as the preceding. 

Dolomite. Oa C-i-Iilg 0. Hesaqonai.. 

Syn. — Bitterspath, Perlspath, Pearl Spar, Braunspath, Brown Spar, 
Rhomb Spar, Tharandit, Chaux carbonatee magnesif^re, Mieniit. 

It crystallizes as a rhombobedron, the angle of which, on account of its 
'a composition, oscillates between 106° 10' and 106° 20', Tha 
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form of tile crystals is not very varied. It is generally tile primitiTo 
rhombohedron, which is quite rare in Caloite. The faces of the oryataU 
Me often curved, whiob, however, doea not prevent the cleavage from 
being perfectly plane, and they are often covered with a powder, which 
is not generally found on the plane faces. These faces do not reflect the 
light ray well, and the ci'ystals. consequently have a pearly lustre, 
especially on the cleavage faces. 

It is rarely found in hexagoaal prisms. The varieties which have this 
form are rarely ever pure, and generally show in their section hexi^ona of 
different colors. There is also found a rhombohedron, -J E, which is 
always more or less distorted, and is not very easily recognizable. It is 
often rounded and bent, into a saddle shape to such an extent, that even 
the cleavage is affected. These crystals are not generally covered with a 
powder, but ou the contrary have almost always a bright and pearly lastre, 
which has given to the miaeral the name of Pearl Spar, It is found in 
some localities as the rhombohedron -2 E, the faces ot which are curved, 
and covered witha pulveruleat coaling; but around the terminal angle the 
faces are plane, brilnani^ and are not coated. It has a rhomboliedra) clea- 
v^e, which is much less easy than that of Calcite, so that the fracture of the 
crystal is oiten conehoidal. Its lustre is vitreous or pearly ; translucent, 
opaque. The colors of Dolomite are not very decided, usually grayish, 
brownish, vrhite or black; sometimes it is rosy, owing to the presence 
of iron, or manganese. A very rare variety, called '" 
green color, owing to the presence of iron. M, 
Composition, Ca C 54.35, Sig 45.65. 

Dolomite is a double carbonate of Oa and Sg. Frequently the Vtvo 
carbonates are together atom for atom, but most of the Dolomites whicU 
are found differ from this composition. In the analyses, however, of a 
large number of Dolomites, it will be seen that the composition oscillates 
around the formula, but many of the f^ecimens contain more Ca or t/Lg 
than this. It is frequently associated with other hexagonal carbonates, as 
Siderite and Magneaite. 

Pyp. &c. B. P. Acts like Caloite, but witli nitrate of cobalt the 
presence of Sig can be ascertained. With acids, the Dolomite which is 
near the type composition does not effervesce unless heated. With the 
others which differ more or less from this type, there will be an efferves- 
eence when cold, which will become, less active as the compound changes 
to the type formula, when it will cease but goes on when heated. With 
a little practice it will he easy to distinguish the effervescence produced 
by Dolomite from that of Calcite, as the former is always very much 
slower. 

It is also found in baoillary massas which do not, however, resemble Cal- 
" ■ " y small needles, making an angle of 

. ._. . _ _. . . . ^ farge extent in saecharoidal masses, 

whioh in their exterior aspect, resemble Caloite somewhat, but tlieir struc- 
ture is not quite the same. Calcite is made np of interlaced lamelke, 
resulting from the penetration of large crystals, while in Dolomite it is 
little crystals which are juxtaposed, and which feel under the finger like 
sand. The feeling is like that of passing the hand over a rough sandstone 
or over a rasp. It lias been found compact and with a conclioidal frac- 
ture, hut never earthy. It is frequently white, but it is never translu- 
cent on the edges. It is frequently colored black or gray by bituminous 
substances, but it never has the odor of the fetid limestone. Dolomite, in 
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whatever state it occurs, might he easily mistaken for Calcite, hut two very 
simple reactions will distinguish them. If treated with S to complete 
solution, there will be cryatalliaed needles of Sig S if it is Dolomite, 
but a powder of Ca S if it 13 Oalcite. Or, after having driven off tJio by 
means of heat, it can be attacked by N ; if lirao water is then added, a 
precipitate will be produced if it is Dolomite, but none in the case of 
Calcite. Tho cobalt solution may also be u^od. It is found at Look- 
port, N. Y., Smithfield, N. T,, and many other places in the TJ. S. It is 
sometimes used for making lime ; enine varieties are used as marble. 
It is also used in the manufacture of Epsom Salts. 



PI XVIII. 
Fiff. 11. R.-2E. OE. R3. co P 2. Mg.n. Twincrystal; 
E,-2R. OE. Composition face toE, Mg.lS. Section of a crystal 
showing tlie diiferont colored bands in the formation, Mg. li, B; faces 
very rauoh curbed. Mg. 15. Saddle-shaped crystal, -JR. 



Sts, — Schwerateia, Seheelspath, Sclieelin oalcaire, Tungstate of IJme, 

It is always found crystallized, but has many different crystalline types ; 
they are generally oetahedra, with a large number of modifications aud 
sometimes two or even three oetahedra of different orders. It is generally 
white or gray, with a very adamantine lustre. The crystals are frequently 
hemitrope. It has an octahedral cleav^e, and a much more diEBcuit one 
parallel to the base. Its fracture is uneven. The lustre is adamantine or 
vitreous, sometimes brig-ht and sometimes dull. It is rarely transparent, 
but ij-equently translucent. Its colors do not show much variation ; it is 
white, brown luid yellowish; or greenish, when mixed with foreign substan- 
ces. Streak, white. H.=4.5-5.a G.=5.9-6.or6. Composition, Ca 
19.4, W 80.6. 

Pyr. &c. B. P. It is fusible with difficulty to a transparent glass, 
and gives tho reactions for W. In acids as in S, it dissolves with 
difBculty, leaving a yellow residue which is W, 

Its most distinctive character is its density, for, of all non-metallic sub- 
stances, it is the heaviest. Sometimes the crystals are quite small and cover 
a gangue which is usually Quartz. The oetahedra 2 Po= are usually very 
acute, and have curved faces. When the crystals are formed in this way 
they are usually complete and seem to have penetrated into the gangue. 
The gangue has pro-existed however, for the crystals often make a crust 
which, covers the surface of a crystal of Quarts, allowing the form to be 
distjnetly seen. The formation of this variety of Scheelite must have 
taken place under peculiar circumstances, which are totally unknown to 
us, carrying with it some corrosive action which has attacked the gangue. 
This fact is all the more remarkable, as this gangue is made up of bodies, 
which are usually considered as sot attacked by most of the agents at 
our command, as Quartz and Mica, It was ibund at Lane's Mine, Munroe, 
and Hutttington, Ot,, associated with Wolfram, also in Nevada and North 
Carolina. 
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PI SIX. 

Fig. 1. P. The priniitire form, Mg. 2. P. J^P. i^, 3. OP. 
iP; often rounded. Mg. i. F. 2 Pot; occurs frequently, F!ff. 5. 
P. 2Pco. 4P2; the last form is heuiihedral. Mff. 6. 2 Pro. P. 
OP. Mg.7. 2Pa>, P. iP. OP. Mg. 8. -JP. P. 2Pw. JPco. 
4P2, in which 4 P2 occurs as a right octahedron of the third order. 
JijJ. 9. P. 2 P 03. 4 P 2. I P 3 ; the latter as a left ootahe(5ron of tlie 
third order. Mg. 10. Interpenetration twia crystal of the preceding 
combination. 

mAONESIIJIH. 



Srs. — Nemaiite, Hydrate de maga^sie, Texalith. 

The crystaJs are generally tabular in form and are combinations of the 
thombohedroQ and base. They cleave easily parallel to the base and are 
flexible but not elastic. Its lustre is pearly oraflky ; translucent or opaqne, 
Itia sectile. Its colors are white, gray, blue or green. Streak, white, 
H.=2.5. 0.=2.3g-2.46. Composition, Sig 68.97, S 31.03. 

Pyr. &C, B, P. Swells and becomes opaque, giving very bright 
lustre to the flame ; it is however infusible. With cobalt sohition, it gives 
the characteristic color of Sig. It sometimes becomes opaque, absorbing 
from the air. When pure, it is soluble in acids without offervescence 
or residue. 

Hesembles Tale, and feels soapy to the touch. The blowpipe will 
distinguish it, forBrueite swells, while Talc does not It is also soluble in 
acids, while Talc is not. It is found as Nemalite at Hoboken, N. J. 
Large crystals are found at Woods Mine, Texas, Lancaster Co,, Pa. It also 
occurs in crystals, lamella or fibers associated with Serpentine and Chro- 



n XIX. 

Fig. 11. E. OR. 2E. Fig. 12. R. OR -4R. -iR. 
Epsomtte. figS+TS. Oethohhombio. 
Sys, — Epsom Salt, Bittersalz. 

Crystallizes as a right rhombic prism of 90' 34'. Its forms are usually 
hemihedral, generally sphenoids. It has a cleavage parallel to tlie brachy- 
pinaooid. Its lustre is vitreous; transparent, translucent; color and streak, 
white. H.=2.25. G. = 1.685-1. 751. 

PjT. &c. B. P. Givesoff water ina tube, and dissolvesinitswater 
of crystallization. On Oh., fuses and gives an infusible mass; very soluble 
in S, and has a bitter taste. 

It is found in certain localities, especially in Spain, in long parallel 
fibrous masses, which become detached in the air, and lose a portion of 
their water. It resembles Mirabilite, but is distinguished by the addition 
of lime water, or an alkaline carbonate. It is also found in libers 50-60 
c. m, in length, which form in cavities. Also in the limestone eaves of Uio 
wei,t, particularly in the Mammotli Cave, Ky. 
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Boracite, Iftg' B'+ J Mg 01. Isombtbio. 
Srs. — Magiifisie borat^e, Bora^it. 

The crystals of Boracite are remarkable for tlieir hemihedry. It ocoura 
someiimes as tlie cube and tetrahedron, Fig. IB, PL XIX, sometimes as the 
cube, tetrahedron, tiigonal trisoctahedron, and rhombic dodecahedron. 
Sometimes it is found with the cube, tetrahedron and rhombic fiodecade- 
droii, but rarely with the cube and rhombic dodecahedron without the 
tetrahedron. This constant hemiliedry is aecomfjanied with peculiar 
physical properties, the mineral being pyroeleotrio in the highest degree. 
Iti3 idmostconstantly associated with G-ypsum and sometimes with Anhy- 
drite. Its fracture is conchoidalj but me fracture of the crystal some- 
timea shows traces of cleavace parallel to the octahedron. Its lustre is 
vitreous, sometimes very deeidedty so in tlie tj^napacent Yarieties. It ie 
generally transparent or tranalucent, but sometimes opaque. Boracite is 
generally colorless, though oooaaionaily it is gray, bluish Or greenish. The 
streak is white. H,=7, in crystals, but only 4, when massive. G.= 
,2.913-2.974. Composition, B 63.0, flg 26.8, Mg 01 10.6. 

Pj'i*. &c. H, P. Gives off water in a closed tube and is fusible with 
intumescence to a globule, coloring the flame green. The bead on coolmg 
become-5 covered with crystalline needles; this is quite peculiar to Bora^ 
cite, only one other mineral, Pyromorphtte, doing the same; from which 
it can be easily distinguished by every other chemical and physical char- 
acter. It is soluble in acids without effervescence, and this solution colora 
the alcohol flame green with B. 



J>1. XIX. 

J??. 15. coOoj. -2- Mg. 16. coOro. odO. y' The most usual 

' 

form. Fig. 17. ro o=. « 0. -^' - -y Mg. 18. co O. - -y- -2-- 

' 202 O 

TO Got. -— y- Mg. 19. -g- o=Oco. coO. Mg. 20. -2'"*-2"- 

50^ 202 

coOot. roO. -i^- Mg. 21. -»0w. co O. -^- --^- —^. 

Magnesite, SCg fl. Hexagonal. 
Syw. — Magnesie carbonatfie, Breunnerite, Talkspath. 
The primitive form is a rhorabohedron of 107° 29', The angle is 
variable, as there is usually some fe or Oa present. It is generally crys- 
tallized, and tlie crystals are usually imbedded in some gangiie, generally 
taleose schist or Chlorite. They are generally the primitive rhombo- 
hedron, with a basal termination and the faces are often rounded. It has 
an easy cleavage parallel to the faces of the rhombohedron. Practnre, 
concholdal or flat ; lustre, vitreous or silky ; transparent, opaque. Color 
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white, yellow or brown, H.=3.5-i.5. «.=3.-3.oa. Composition, G 
64.4, Jilg 47.G. ' 

Pyr. &e. B. P. Heatad in a closed tube, it gives off water, and 
acts like Dolomite. It is more easily soluble in acids than Dolomite, but 
it must, be keated to effervesce. It is infusible, but glows intensely (fig). 

The color is white, if the carbonate is pure, but it is generally brownish 
or reddish, on account of the presence of iron or manganese. It is 
found in many localities in the U. S., and is much used for making Epsom 

Spinel, !!Hg Si. Isohbtkic 
Sym. — Pfeonaste, Ceyloiiite. 

It occurs generally in ootahedra, hut more rarely in rhombic dodecahcdra, 
which sometimes show modiScations of the tetragonal trisoctahedra. The 
oclahedra are very frequently flattened parallel to the feces of the octahe- 
dron and are very often hemitrope. The cleavage is parallel to the octa- 
hedron, Practure, conchoidal ; lustre yitreousordull; transparent, opaque. 
It has a great variety of colors, which are generally shades of red, blue, 
green, brown, yellowish brown and black. The red Spinel ia sometimea 
called the Bnlaa ruby, and contains alumina, magnesia and chromium. 
The chromium ia in the allotropio condition, which gives to its salts their 
red color. The crystals sometimes contain, traces of manganese, which 
gives to them a somewhat violet color. Its streak is white. H.=8. Ci, 
=3.6-4.9, Composition, SI 72, Sg, 28. The magnesia may be replacr 
ed by lime, iron, maganese or zinc, separately, or in combination. 
Alumina generally takes the place of a base, in Spinel however, it plays 
the part of an acid. Spinel is not really a mineral species, but is rather 
the name of a family of minerals, which are similar m composition and 
crystalline form, and probably in the conditions of their formation. They 
all group themselves around the oxygen ratio of 1 : 3, The fi is some- 
times SI and Pe, and sometimes Ti, which seems, with some fi, to play the 
part of fi (ft 'Pi=fi), It has beeu. decided to iudude under the name of 
Spinel all those substances in which 51 predominates, the other fi being 
in variable propoctious. Those which contain Pe are Spinels, but are also 
minerals and ores of iron, as Magnetite, Chromite, Frankiinite, &o. We 
shall consider them under iron, 

Pyr. Jtc. B. P. Infhsible, but clmnges color. Soluble in Boras 
and Salt of Phosjihorus. Soluble with difficulty in concentrated S. 

The white oc violet blue variety is called Saphar, the predominating base 
of which is Sig. The blue color seems to be owing to iron, which is found 
both aa Je and Pe. It is largely found in. this country in a calcareous 
gacgue. The black Spinels contain iron only, either as an acid or as a 
base. Tbeir real color is green, more or less intense, which distinguishes 
them from Magnetite the color of which is black. These, crystals some- 
times attain an immense size, and their interior is often hollow or caver- 
nous, which, however, does not alter the form of the crystal. They are 
also found disseminated in chloribo schist, in which case i£ is not very 
easy to distinguish them from Magnetite, which is found in the same as- 
sooiationandwith thesaraeform. The color of the powder is the best test. 
When the Spineb contain zinc tbey are known tinder the name of Gah- 
nite. Their usual association is chlorite slate, but, as the color of their 
powder does not differ from the others, a blowpipe test is required to dis- 
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tinguish them. Tlie black is less liard ttaii the blue variety, and the blue 
than the red. H^nctite, is still less hard, it being between Quartz and 
Fluorite. The black and sometimes the blue vai'ielies of Spinel are found 
in granular masses, which are slightly lamellar. All of the Spinels are in- 
fusible, ■which will diaUnguisli them from all granular mBsses, except tlie 
minerals of the Chrysolite group, from which the action of acids will giye 
an easy distinction. There will benodepositof gelatinous silica, and more- 
over flie Spinels are not soluble in acids, except that of iron which is only 
dissolved with difficulty, when heated in HCL and never in ^. The 
color of iJiese masses usually resembles the color of other granular masses. 
It is distinguished from Garnet by its fusibility, from Mi^etite by not 
being attracted by the magneL from Franklinite by giving no reaction for 
Kinc. Very large black crystals have been found at Amity and Muuroe, 
N. Y., and Frankiin, N. J, Small gray crystals, at Hamburg and Vernou, 
N. J. Blue crystals at Antwerp, b! Y., and at many other localities in the 
TJ. S. The varieties used ia the arts are usually brought to this country 
separated from their gangues. They come from the Bast, especially from 
Ceylon and Birraah. These Spinels are used by jewelers, and are 
called Balaa ruby; they ate much less esteemed than the oriental ruby. 



PI. XIX. 

i%. 22, O. JV- 23. =oO, Mff. 24. 0. toO. rigs. 25 and 26. 
Distorted forma of 0. PI. XX. Fig. I. 0. oaO. 3 03. i^. 2. 
Twin crystal; composition-face 0. Fig. 3. Twin crystal. Fig. i. Dis- 
torted form. Fiff. 5. raO. 0. 2 02. Form of Pleonaste. 

ALUMIKBUra, 
Corundum. 5L IIexaoona:^ 

Sys.— Corindon, Sapphir^Euby, Oriental Amethyst, Smirgei, Emery. 

It crystallizes in a rhorabohedron of 88° 4', which very much resembles 

a cube. It is isomorphous with Hematite. It is sometimes found in 

rhonibohedra, but generally it is truncated at the base so as to resemble 

a regular octahedron, differing however in the angles, 

1 A 1=86- 4' 

OAl=122''26'_ 

This is usually seen in the stony varieties, where the rhomboliedral 
cleavage is very marked. _ It is generally found in hexagonal pyramids 
which sometimes shovi' the basal cleav^e; the feces of these crystals are 
covered vfith unequal striations, which are parallel to the base of the 
hexagonal prism. The prism is sometimes found, especially in the earthy 
varieties, and frequently has the faces of a rhombohedron upon it. The 
base of this crystal is generally striated and shows a play of colors, and 
when polished usually shows a six-pointed star. It cleaves parallel to 
the base and the rhombohedon. Sometimes the rhombohedral, and some- 
times the basal cleavage is the easiest. In the transparent varieties the 
basal cleavage is usually the most prominent. The iracture is unequal or 
conchoidal; sometimes lamellar. Lustre, vitreous, sometimes pearly on the 
base, and occasionally showing a bright opalescent star of six rajs in the 
direction of tlie axes. Transparent, translucent to opaque. Color, red, 
blue, purple, yellow, brown, gray and white. Streak, colorless. H.=9. 
«, =3.909-4.16. Composition, Al 53,4, 46,6, 
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PjT. &c. B, P. It ia infusible. After h 1j g -w th t t t 

cobalt, it becomes blue (Si). It becomes electric by f t dm 

80 for some time. Reduced to powder, it jield g 11 d 

when breathed upon. It is not acted, upon by d 

Next to the diamond, it is the hardest of ^1 k w It es d 
ia used for pointing the tools which are used by j w 1 tt g U 

stones. It has veiy many colors, sometimes it is 1 p d d 1 1 d 

is in this state used to imitate the diamond. Th 1 Id t 

are called by the jewelers oriental atones, and h y gr t 1 

According as they are red, blue, green, violet or yellow, thcj are the ruby, 
sapphire, emerald, amethyst or topaz. It is also found stony with the 
same colors. It occurs also in crystalline masses, made up of crystals, 
which are often very large and more or less irregular. Their color is 
genei'ally blue, with a greenish or brownii^ tinge. It is also found in 
granular masses, made up of little grains which are crystalline, and which 
are bluish or reddislu When massive, it is known ag emery. In this 
state, the 51 seem/ to be associated with sesqaioxide of iron. These 
masses are usually dark brown, with a erajish powder, in which red and 
blue grains can be seen with a, glass. In this state, the hardness ia about 
the oiJy characteristic. The density being 3.9-4, it can be distinguished 
from every otiier earthy substance which has this aspect. It cannot bo 
mistaken for a metallic oxide. The different yatieties of Corundum are 
much used in the arte. A perfect ruby of 3^ carats is as valuable 33 a 
diamond of the same size. Large crystals of sapphire, some of them 
semi-transparent, have been found at Newtown, N. S. Imperfect rubies 
have been found at Warwieli, N. J., and bluish crystals in Delaware and 
Chester Counties, Pa. 

TORMOLM OP THE ORTaTALS. 

PI XX. 

JFig.G. R OR. Fig.1. ^P2. ^3.8. ^ P2. OR. Fig.Q. 4P2. 
Hg. 10. f P2. R. a. R. Fig. 11. 4P2. OR. E. Fiy. 12. 9P2. 
4P2. i P2. OR. R. Fig. 13. 00 P2. OR. J P2, R. Fig. 14. co P3. 
^ P2. i P2. -2R. 

Diaspore, SI S. Oethobhombic. 

Its form is a right rhombic prism of 93° 42'. It is rarely found in dis- 
tinct crystals, but rather in crystalline masses. It is isomorphous with 
Gothite. The crystals of Corundum which are found in Dolomite are 
frequently covered on their edges with dark crystalline filamentSj which 
consist of Diaspore. It sometimes occurs crystallized, especially at 
Schemnitz, in Hungary, and at St. Gothard, Switzerland. These crystals 
are very small, and are in a talcose or aluminous gangue, and show re- 
markable dichroism. Its cleavage is easy, parallel to the braohypinacoid, 
so that the crystalline masses are always lamellar. Its lustre is vitreous 
on the faces, hut pearly on the cleavage. Translucent or opaque. The 
colors of Diaspore are not very marked ; they are grayish, greenish, 
yellowish, brownish and purplish. The yellow, red and orown colors are 
owing to iron, which may be hydrous or anhydrous, and which is interpos- 
ed between the lameHw. By (figesiiiig the micero! in HCl, this color may 
be dissolved out. Sometimes the crystals are trichroic, being violet-blue 
in one direction, purplish-blue in another and pale asparagus-green 
in a third. H.=6.5-r. G.=3.3-3.5. Composition, 31 85.1, H 14.9. 
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Pyr. &C, B, p. It gives off water. It is infusible, but after heat- 
ing, it becomea soluble in concentrated S. It is one of the few aubataaoea 
which has this peculiarity. It is not attacked by acids, but if the powder 
is heated in a lube it swells and gives off water, and when it no longer 
swells it can tbea be attacked. 

It is quite fragile, and is usually found in little veins in emery. These 
are mostly crystalline masses, showing the cleavage parallel to co Pon, 
and a pearly lustre on this cleavage. The crystals are often bent in the 
direction, of the vertical axis. Estemally^Diaspore might be confounded 
wili. Cyanite, Pyroxene, Amphibole and Feidspar, but a blowpipe test 
easily distinguishes it. Pyroxene, Amphibole and Feldspar are fusible; 
CJanite is infusible, but does not give off water. It has been fouud at 
wumbull, Ot,, associated with Topaz, and at the emery mine, at Chester, 



PI. XX. 
Mg. 15. 00F03. CO P. roP3. P. 2P2. The faces of P and 
2 P2areusually curved. Fir/. 16. H or izontstl projection, 0DF03. to P. 
oiFa. P. 2P2. sFot. 

Alumlnlte. SI ^+9 fi. 

Sys.— Websterite. 

It never occurs crystallized. It has an earthy fracture and a dull, earthy 
lustre. Its color is white, aud it is entirely opacjue. H.=:l-2. <5.=1.66. 
Corapo^tion, SI 29.8, S 23.2, fi 47.0. 

Pyr. &c B. P. It is infusible. In a tube, it gives off fi and, at a 
higher temperature, B. It dissolves in acid without effervescence and 
without residue. It is insoluble in, water, and has no at^iUaceous odoi'. 

It is fouud in certain argillaceous beds, especially at New Haven, in Eng- 
land, in white, mamelonated masses, which are sometimes oolitic or even 
earthy, resembling chalk. 

AEuiioscii, SI B'+18 S. -MoNOCLiNio. 

SvN. — Keramohalite, Haarsalz, 

It is found in tabular crystals or iu masses, in which some crystalline 
fibres are visible, but the cr3^tals are never well defined. Lustre, vitreous 
or silky, Translaoent. Color, white, yellowish or reddish. H.=1.5-2, 
«.=1.6-L8. .Composition, Si 15.4, S 36.0, H 48.6. 

Pyr. &C. B, P. Heated in a tube, gives off fi and, at a higher 
temperature, S. With nitrate of cobalt, becomes blue. It is soluble in fi. 

These masses are usually white and silky, and have a pecuhar, styptic 
taste. When fresh, it is white, but gradually becomes brown on the fi-ac- 
ture, owing to the decomposition of some of the sulphate of iron, which 
it almost always contains. It occurs in mines and elsewhere, formed by 
the action of Pyrites op the rocka It is also found in volcanic regions, 
covering the sides of cavities, and is usually perpendicular to them. It is 
found as an efflorescence in many, places in the United States. 
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Aluiiite. £S+3SlS-(-6fi. Hexagohal. 
Syn.— Alaunstein, Alumstone. 

It crystallizes as a riiomboliedro:i of 89° lO', whicli is consequently very 
near a cube. It lias an easy basal cleavage, wliioh is usually cutvea. 
The fracture is conchoidal or uneven ; sometimes splintery and often 
earthy. Transparent or iranslocent. Color, white, grayish or reddish. 
Streak, white. H.=3.5-4. O. =2.58-2.76 3. The composition is not 
constant, but vaiies around the formula. Composition, 51 37.13, S 38.63, 
£11.34,1113.0. 

Pyr. &c. B. P. Deerepitatea, but is infusible, and in a closed 
tube it yields water and sometimes lfil*S ; and at a higher temperature 8 
and S. It then becomes partly soluble in water, giving alum and leaving 
SI. It is insoluble in water, but soluble in acids, frequently giving gelati- 
nous silica, which however does not appear to be in a state of combination. 
Sometimes a part of it is soluble in water and this is generally aluro. 

A substance which resembles Alunite in composition, but which differs 
from it in external cliaracters, is called jaspery Alunite. It is n kind of a 
slate having variegated colors, which are sometimes in parallel bands and 
sometimes disposed in an irregular manner very much resembling Jasper. 
Alunite is usually found iu concretionary, mamelonated and cavernous 
masses, of a yelJowish or brownisli color. Its cavities are usually covered 
with points of or jstals, which cannot be seen without a glass. It is some- 
times fibrous. It is the product of the reaction of HS and the vapor of 
water, which are ^ven o£f from cert^n volcanoes, on the surrounding 
rooks. HS, by oxidation, yields S which attacks the rock and the silica is 
set at liberty and gelatinizes, the S combining with the 51 and alkalies of 
the rock. This sometimes produces the massive, and sometimes the jas- 
pery Alunite. When it is jaspery, it is anhydrous. It resembles certain 
decomposed varieties of Quaita, but is distinguished by its hardness ; from 
Apatite, Fluorite, Calcite, Barite and Celestite, it is distinguished by the 
action of acids and the blowpipe. The denaty will also distinguish it 
from the last two. Its infusibility and complete solubility in acids with- 
out forming gelatinous silica are its most distinguishing characteristics. It 
is used for making alum. Tho rook, after roasting, is lixiviated and the 
alum collected by crystallization. Jaspery Alunite is so hard that it is 
used in Hungary for millstones. 

P/. XX. 
Mg. 17. E. Fig. 18. E. OK, Kg. 10. E. -2E. ? R. ^R. 

Kallnitc. ft 3 -^ 5i S' -I- 24 S. Isometbic 
Syn.— Alum, Kalialaun. 

It is usually found in fibrous or compact masses and crusts, and is gener- 
ally a product of the decomposition of Pyrites in contact with clay. Its 
lustre is vitreous. Transparent, or translucent. Color white, usually stain- 
ed. Streak,white. H.=2-3.5 <S.:=1.75. Composition, fiS 18.4, 51 S 
36.2, S 45.4. 

Pyr. &C. B. P. Fuses in its water of crystaRization, and forms 
a spongy ma^ ShoWs the alumina reaction with Co K. Soluble in 16 to 
20 times lis weight of cold water and about ils own weight of boiling 
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There are a very large oQiabor of alums found in nature, the principal 
bases of wliicli ere, besides £, ^R\ So, ](Ig, Pe, fe and Sin. Moat of 
them are isometric in their forms, but they are generally found as fibrous 
or silky tufts. It is found abundantly in Maryland and Tennessee, 

Cryolite, 3 Na F+Al' ¥', Tnicumc, 
8ys. — Eisstein, Alumino fiuat^e aloaline. 

It crystallizes aa a doubly obliijue rhombio prism of 88° 30', and has a per- 
fect basal cleavage. Its lustre is vitreous or slightly pearly, and ia nearly 
the same on the three cleavages as on the ciystal. Its fracture ia lamellar 
or scaly. It is getiefilly white, and has about the same kind of lustre as 
a stearine candio on the firacture. It ia sometimes colored slightly red, or 
may be even brick red, when it is mixed with partially altered Siderite. 
Occasionally it is black. H.=2.5, G.— 2.9-3, Composition, Al 13.0, 
Sa 32.8, Fl 54.0. 

PjT. &c. B, P. Heated in an open tube, it ^ves up H FL Solu- 
ble in S, giving' off H Fi. It is easily fusible even in the flame of a can- 
dle, without the aid of the blowpipe. If it is then thrown into water, 
there seems to be a commencement of decomposition, for an alkaline car- 
bonate or lime water throws down SI. This mineral, which within a 
few years has acquired a certain importance from its commercial use^ 
has only beea found in Greenland. 

TOBMaLM OT THE ORrSTALS. 

PI XX. 
Mg. 2Q. cop. P. aTa. Poi. OP. Prism is marked with striffi 
parallel to the edges between co P and P oo and co P and P, as shown 
by the dotted lines. S'iff. 21. Twin crystal; composition-face oo P. The 
forraof these crystals is orthorhombic, but cryolite has been lately deter- 
mined to bo triclinic, 

Vurquois. SI" ^ -f- fi. 

Sth.— Turkis,* Calaite. 

It is never crystallized, but is found in amorphous masses, which some- 
times have the appearance of being little fibers in a gangue. It is also 
found mnmelonated. There is always a little lime, manganese and iron, 
mixedwith the SI and it is sometimes colored by an hydrate of copper. 
Its fracture is conchoidal and unequal. It is hardly ever transparent, even 
on the edges of thin scales. It is azure-blue, greenish-blue, or light 
green. Its color becomes altered in the air, if it passes frequently from a 
dry to a damp place, especially if the temperature is changed. The color 
is then, in the commercial phrase, MUed wid it becomes green. Its streak 
is white or greenish. H.=6, 0.=2.6-3.83. Composition, P 32.6, Si 
46.9, fl 20,5. 

PfT, Sec B. !■, It is infusible. In a tube, it decrepitates, 
yields S and turns brown or black. It colors the flame green. With 
borax, it affords the colors of iron and copper. In acids, it dissolves com- 
pletely and gives to the solution the colors of copper, 

Uuder the name of soft Turquois, a substance is used by the lapidaries, 
which has no real relation to the mineral ; its true name is Odonto!it«. 
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It is a bone phospliate of lime ; generally bones, or fibers of any bone, 
which have been subjected to. infiltrationa of ealis of copper, and has 
about the same lustre as Turquois. It is found abundantly in the Urals 
and to some extent in France. The oriental Turquois is much esteemed 
as an oruament, but has no very great value. It comes from the east, 
generally from Nichabour in Persia. An impure variety is found in. 
Saxony and also in Nevada. 

Wavelllto. Si' ^+12 fl. Ohthobhowbio. 
Syh, — Striegisan, Alumine phosphatee. 

It orystallizea in a right rhombic prism of 126° 25', Its cleavages are 
parallel to the prism. Ita crystals are very rarely capable of being 
measured, and are generally only very fine needles, Its.lustre is vitreous, 
pearly or resinous. Color white, gray, green, yellow, brown and black; 
with every gradation of intensity. It is often translucent. H. =3.25-4. 
G.=2.33T. Composition, P3i,i,*' 37.3, a 28.3. It sometimes contains 
a little fluorine. 

I^r. &c. B. I". In a closed tube gives off S and sometimes 
reacts for Fl, Swells up, becomes of lighter orfor and splits into fine parti- 
cles which color the flame green, but remains infusible. Gives off H Fi 
when treated with S, ' It is soluble in H CI and caustic potash. 

It generally covers the sides of cracks in schistose rocks. It is gene- 
rally touad in little spheric^ mamelons, which are made up of converging 
crystals. The ends of these fibers show microscopic crystals which have 
a velvety lustre and which is quite characteristia The radiation of these 
mamelons is exceedingly regular. It is sometimes found in concentric 
BOnea similar to a variety of Natrolite from Swabia and it sometimes re- 
sembles certain forms of Aragonite. On a whole specimen, it vrill be 
easy to make tho distinolion of the termination and velvety look of 
"ffavellite, but, when the specimen has been broken, recourse must be 
had to acids. It is more difficult to distinguish it from Natrolite, but 
acids give the distinction, for the latter gives gelatinous silica and melts 
to a globule, while Wavellite is entirely soluble and swells without 
fusing. Wavellite is found at Bellow's Falls, N. H., at the Washington 
mine, N, C, in York Co.. Pa., and as stalactites at Steamboat, Chester Co., 
Pa. 



, PtXX. 
Mff. 22. 00 P. Poo. TO Fro. 

Clirfsoberyl. Be SI. OsrsoRsouBto. 
Stn. — Cymophane, Alexandrite. 
It crystallizes in a right rhombic prism of 129° 38'. It is one of those 
limit forms, which resemble the forms of the hexagonal system. The 
crystals fi^quently contain chromium and aro usually small, though they 
sometimes attain considerable size. They show a remarkable dichroian, 
being green perpendicular to the base and M6od-red parallei to it. It is 
also exceptionally red, probably owing to chromium in another allotropio 
condition It is always found crystallized and is isomorphous with Chryso- 
lite, having forms very much resembling it. The combination Mff. i, is rare. 
The crystaJs are usually macled 2 by 2 or 6 by 6, and the macropinaooid ia 
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then Tery much striated in these oomposite crystals. They do not stow 
reentrant angles as the angle is so near 120°. The 2d form, Fig. 6, is not so 
rare. Crystals, which are found in the fracture of the rock, .show very 
tbin lamellaj. They ore mostly associated with Calcite,Feldspar orGamet^ 
and sometimes with Pyroxene. The color of these varieties is usually 
yellow or greenish-yelbw. The third form. Figs. 8, 9, 11, is peculiar to 
crystals of the chrome variety. Chrysoberyl only shows traces of clea- 
vi^e, which are parallel to the faces of the brachydome. Its lustre is a 
peculiar vitreous oae. It has pearly reflections and opaline tints, which 
are produced by interior fractures. Its fracture is oonchoidal and vitreous. 
It is often transparent but sometimes only translucent It is sometimes 
opaque; When it is transparent, it is always yellowish or greenish. Its 
colors are varied. It is sometimes pale yellow, sometimes yellow, at 
other times the color is dark green, nearly opaque. This color is owing 
to sesquioxide of chromium, which replaces a certain part of XI and h iu 
the allotropic condition, in which it gives a green color. Streak, colorless. 
It is someUnies considered as an aluminate of glupina, the oxygen ratio 
of which is the same as that of Spinel, 1 : 3. The crystalline form, how- 
ever, is not the same. "We can hardly consider H as isoiiiorphous with 
B ; It is rather with the series a, as ai, Pe, er. H.=8.5. e.=S.5-3.84. 
Composition, Be 19.8, SI 80.2. 

Pyr. &C. B. P. It is infusible, and is not acted npon by acids. 

It is found in Brazit and Ceylon as rolled pebbles, A blowpipe assay is 
necessary to distinguish them. It is found in the II. S, at Haddam, Ct., 
Greenfield, N. T. ; Orange and Summit, Vt., andNorway, Me. 

VOEWVLM OF TEE ORTETALS. 

PI. XXI. 
Fig. 1. eoPoo. ooPco. Fm. The face co P oo is vertically striated. 
Fig. 2„ (oP2. coPco. coF«.. P. Pm. Fiy. 3. The preceding, 
with 2l'2. F%g. 4. The combination Fig. 2, with co?|. Fig. 6, 
<«Ptn. cofco. Pro. P. 2^2. co?2. ojp3. 6P 6 (e)._ F: ' 
Twin crystal; composition-face SPco. F^g. 7. ooPco, coPco. 
2?3. Fig. 8. Twin crystal; composition-fiice sI'ot, made up of 6 
parts by the crossing of 3 crystals, united along the dotted line^ Figs. 9, 
10, U. Twincryslals; composition-face 3 ¥ co. Mgs. 12, 13. Twins, 
made by the crossing of 3 pairs of twins, each section a pair twinned by 
3 P » and UEitsd to the next pair by coPoo. Fig. 14. Twin crystal 
Eimilar.toi%r. 8. 

IROHV. 

Iron. Fe. , Isometjuo. 
SiK. — Gediegen Eisen, Fer natiil 
It has an ^octabe^iral cleavage, a very hackly fracture and a metallic 
3u^e. Its color is iron-gray, and its streak shining. It is ductile and 
is attracted by themagnet. II.=4.5, «.=7.3-7.8. It contains variable 
quantities of other substances, principally nickel, associated with a small 
proportion of cobalt. The quantity of nickel may vary from 1 to 20 per 
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Iron is supposed to liave been fouad in nature, in a pure metallic state, 
in certain mines of Pyrites. Proust analyzed several Epeoimens of 
tliia character and found them to be perfectly pure. Some specimens 
analyzed have since been proved to be artificial. Since this time, it has also 
been found in a mine in DauphinS, Auvergne and Brazil ; but such iron is 
exceedingly rare; It has been foiind in petrified wood, produced probably 
by the reduction of a salt of iron by the organic matter of tlie wood. It 
is fonnd native,. as grains disseminated through volcanic rooks, at the 
Giant's Causeway and in Auvergne, It is easy to prore its presence by 
dipping the rooks into a solution of On S, wlien the rock becomes coated 
■wifli copper. 

The usual way in which native iron is found, however, is in Meteo- 
rites. The authenticity of Aerolites was admitted only at the close 
of the last century, aher the Aerolite of Tuscany in 179i and those 
of L'Aigle in 1803 had been found. They are generally of two kinds. 
They may be enVrcly composed of iron, which is metallic, Thi,^ iron is 
associated with oJiromium, nickel, and sometimes with cobalt, manganese 

and sulphur. When tliese masses are polished and treated with acid, 
they show the traces of crystallization. Sometimes ihey are associated 
with bituminous substances. These masses are ordinarily spongy, the 
cavilJes being always filled with Chrysolite, or substances analogous 
to it The Gibbs meteorite in Yale College weighs 1635 lbs., the Tucson 
at the Smithsonian Institute, 1,400 lbs. Two in S. America are estimated 
as weighing, the one 32,000 lbs., and the other, 14,000. The Pallas 
Meteorite, which contains crystals of Chrysolite, found in Siberia, weighed 
1,600 lbs. Otlier Meteorites, on the otlier hand, are of a stony character 
and contain the iron scattered through them in little bunches. The exte- 
rior of these masses is generally scorified and covered over with a coat- 
ing, which seems to have been melted on the surface. The earthy part is 
partly Bolubte in acids, depositing gelatinous sihoa and it appears to recall 
the composition of Chrj^lite or of Labradorite. The msoluble part 
seems to be allied to Pyroxene and to Orthodase and Albite. The iron 
is always more or less altered and may be alloyed with other metals, 
which as before are cliromium and nickel They also contain phosphuret 
and Bulphuret of iron. These Aerolites are sometimes very large ; some 
have been found to be several thousands of pounds in weight In 
Auvergne. masses of volcanic origin are found, which contain some iron, 
partly oxidized. This iron has been produced by reduction of an oxide, 
probably in the same way as we produce it in the laboratories. 

Magiietite. f'e, ]?e. Isouetric, 
Syh,— Magnetic Iron Ore, Magneteisenstein, Magneteisenerz, Per oxydulS. 
The crystals of Magnetite are generally octahedral in their form ; they 
are not often complete, but are generally attached to the mass which con- 
tains them which may be compact Magnetite, Slate, Chlorite or Serpentine. 
The octahedra are sometimes in twin crystals. The octahedron is often 
associated with the rhombic dodecahedron, which sometimes predomi- 
nales. The faces of the rhombic dodecahedron are always striated 
parallel to the long diagonals of the rhomb. The crystals are sometimes 
very large and these striffi become so marked, that they appear like steps. 
The cleavage is parallel to the octahedron. Its fracture is conchoidal, 
generally unequal and sometimes quite lamellar, or granular. It is oflen 
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compact in the uncrystallizod varieties. On its natural faces, it has a 
eenu-metaJlic lustre. It is generally opaque, but in dendrites is sometimea 
transparent. Its color is blact, and the streak also black. H.=5.5-6.5. 
«.=4.9-5.2. Composition, 27.6, Fe 72,4. Magnetite has the 
fovnmla i'e Se, which is aometitnes written iV, It ia a Spinel of iron, or 
a ferrite of protoxide of iron. Lilte all the 8pinels, it crystalliEes in the 
isometric ajstem, in forms which are derived from the octflihedron, to 
■which form its cleavage is parallel. 

Pyr. &C. B, P. It is fbaible with difficulty. It is insoluble in S, 
but 18 with difficulty soluble in hot HCl. It is magnetic, and often has. 
polar magnetism, especially when in large bodies. ' 

Magnetite ia often found in granular masses, made up of small crystals, 
whicli separate sometimes with the sUghtest effort of the finger. It some- 
times happens that these grains are covered on the surface with a super- 
ficial coating of oxide, which makes them iridescent. Such ore is csdled 
shot^re by the miners. These granular varieties by the action of the ele- 
ments oiten become a fine black sand. Such sand is the only ore of iron 
in New Zealand, and it is found on the sea-shore, where the constant ac- 
tion of the water has washed out tlie imparitiea and made it quite pure. 
Granular Magnetite is often found disseminated in large or small quantities 
through certain racks, such as Serpeatine and Dolomite, It is sometimes 
in sufficient quantities to affect the magnet, and often deceives those who 
do not understand the extent of the deposit. In schistose rocks. Magne- 
tite is often found, ia quite large masses which have the structure of the 
rock. Such masses are probably of metamorphic origin. Magnetite is 

very pure and make an excellent ore of iron for the manufacture of steoL 
Sometimes they are very impure and are mixed with Specular Iron, 
Pyrite, Menacoanite and Quartz. When Magnetite hes poiarity, it is the 
natural magnet. It is distinguished from all the minerals which it re- 
sembles by having a black streak, and by being magnetic. It is one of 
the most important iron ores. It ia found largely in the states of N. Y. 
and N. J. and m other localities in the U. S. 



PtXXI. 

Fig, 15. O. Mg. 16. co O ; tiie faces are striated parallel to the 
longer diagonal J%. 17. oo O. O. oo co. Mg. 18. Hemitrope, O. 
Mg. 19. CO O. ; showing the striations ; fi'Om Haddam, Ct. Mg. 20. 
coO. coOo). 0. 303 50|; Achmatowsk. 

Franklinite. (!fe,lSln,2n) (I'e,Sn). Isometbic. 

It crystallizes generally aa ootahedra with small faces of the rhombic 
dodecahedron. It has an indistinct octahedral cleavage. Its fracture 
conchoidaL Opaque. Color, black. Streak, dark reddish brown. It 
very slightly magnetic. H. =5.5-6.5. O.=5.069. Composition, Pe 6o, 
Hn 16, ia 17. It ia a Spinel of zinc and iron, a M^netite, in which 
a part of the ^o is replaced by 2u and a part of the Fe by Stn. It has 
the same relation to Magnetite, that Gahnite has to Spinel. 

PjT. &C. B, P, Infiisible. With borax, gives the reacfions for 
mnc and iron. Soluble in HCl, giving up a small quantity of CI. 

To distingoish it from Magnetite, it is sometimes necessary to make a 
blowpipe t^t. In the reducing flame, it givea off zinc. It is used as an ore 
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of iron and of eine. It ia only found in large (juantities at Franklin, H". J. 
It is associated with the silicate and oxide of aiac, making the associatioa 
of red sad black colors, whicfi ia quite rare in mineralogy. 



most frequently occurring forms. 

Hematite. Fe. Hexaoohal. 

Syn. — Ead Oehre, Micaceous Iron Ore, Iron Glanee, Specular Iron, Red 
'te, Glanzeisenerz, Eisenglana, Rotber Glaskopf, Eotheisensteio, 
'e Eisongliminer, Fer apeeulaire, Per olig^ste, Fer oxidfi 
rouge. Hematite rouge. 

Its form is the rhombohedron of 86° 10'. It is isomomKous wili. 
Corundum and' has the same cleavages, parallel to the rhombohedron and 
to tlie basal piuacoid, only mote difficult. The rhombohedral cleavages 
are onlj^ traces and are liard to determine. It is Ibund as distinct crystals, 
or as thin sodes. The best crystals are found at Framont, in the VoEges, 
and at Elba. These usually have the form giveh iaPl. XXl.I^. 28 ; R ia 
the primitive rhombohedron, JP2 a scalenohedron JE another rhombo 
hedrou, with feces which are always striated and m rv 

the volcaoic rocks, it is found in another form as h h g sc 

which have also been artiflcially produced b 

water to pass over perchloride of iron. It is pe m m 

way ia the volcanoes. These thin scales are call il 

count of their bright, mirror-like surfaces. The og p 

truncated by a very obtuse rhombohedron, the ta w 1 

striated. The faces of the hexagonal prism are mm d 

but they are always very small. When the hexag al m ry m 

flattened by the reduction of two of its opp des h m 

the figure is frequently rhombic. These lamellie ft p d h 

on the other, but not parallel. There is usually 
and the edges are a little raised. The lamellse th ar 

curved. The tliin scales are sometimes found as d, d 

reous coatingson the outside of other minerals, b mp 

rare. lis fracture ia conehoidal, rarely lamellar. Is 
sometimes splendent or earthy. The varieties th h tr 

are called Specular Irou, but the earlhy varieties all R d H te 

It is blank and often iridescent on its natural face cc 

thin pellicule of oxide on the surface. In tiin so a, p 

and of a blood-red color. Streak, bbod-red, or brownish-red. Some- 
times slightly magnetic. H. =5,5-6.5. CJ. =4.5-5.3. Composition, 
O30, Fe70. 

I^r. &C, B. P, It is infusible, but when exposed for a long time 
to ti>e reducing flame, it gives a magnetic globule. It dissolves with diffi- 
culty in hot hydrochloric acid, more especially if it contains titanium. 

It is also found fibrous in Utile veins. These fibers arc thin lamellce, 
analogous to those described. In some schistose formations, it takes the 
character of the rock and is itself schistose. The variety called Bed 
Hematite is a less perfect form of the red scales, of which we have just 
fipoken, and the schistose varieties seem to be a passage to this ibrm of the 
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minera]. It is generally found in large mamelonoted masses, frequently of 
suffliiienteize to justify mining to a lat^e extent. These masses are usually 
made up of fibers which are soldered together, and which have a metallic 
lustre, usually grayish with red spot?, but always having a red streak. The 
outside is sometimes black, caused generally by a superficial coating of 
mftnganese. Usually these masses are easily broken in the lines of radia- 
tion, forming a kind of pyramid by the fracture. ■ Hematite constitutes the 
rouge which is used to burnish and polish metals. It is also found in ma^es, 
which are entirely compact and earthy and which are often very estensive. 
In this state it is generally impure being miied witb clay &c. A baeillary 
variety is also found, which brealca up into hex^onal prisms, which are 
sometimes very long. It appears to be of accidental formation, probably 
resulting from the decomposition of Siderite, which has afterwards crack- 
ed with an appearance of regularity, owing to the reduction in bulk. 
The angles of these iiexagona are not constant It is also found pisolitac 
and oolitic, but it does not appear to have been formed directly in that 
condition. It appears to be the result of the de-hydration and pseudo- 
morphism of grains of Limonite, which, are abundantly found in some 

localities, and of whicli we sball presently speak. In France, Mexico and 
elsewhere, these masses .are sometimes large enough to be mined to ad- 
vantage. It is also found in large pseudoraorphic masses, resulting from 
a decomposition analogous to tluit to be described under Pyrite, It is one 
of the richest and most important of the ores of iron. The Specular varie- 
ties resemble some of the copper and silver ores ; Red Hematite resembles 
Cuprite and Cinnabar, and the compact variety, sometimes Magnetite. 
From al! these it can be distinguished by its red streak and behavior 
before the blowpipe. It is found largely at Lake Superior, Missouri, New 
York and elsewhere. 



Fig. 24. R. The primitive rhombohedron. Mg. 25. E. OR; oc- 
curs tabular, when OB predominates. Fig. 28. B. -iE. Mg. 27. E. 
JR. coP2. Mg. 28. fP2. R. JB; usual combination from Elba. 
Mg. 29. R. iE |E3. 3P2;froin Elba. PISXJ. Mff. 1. 
JP3. R. iE. ^E. |R3. Fig. % Twin crystal by interpenetra- 
tion; combination, I P 2, R. OR. Mg. 3. OR. R. coP2; thin 
tabular crystal from Vesuvius. Fiff. 4. Twin crystal. The opposite 
halves of two individuals of the preceding form are united on a face of 
the prism co R. Fig. 5. Twin crystal by interpenetration. Mg. 6. 
i P 2. OR ; with the edge in front. Mg. 7. The same with the face ia 
fronts Mg. 8. Twin from the two preceding ; compo^tion-faee OR. 

Goethlte. ¥e H. OitTHoRnouEic, 
Syh.— Pyrrhoslderite, Lepidocrocito, Nadeleisenerz, Sammetblendo. 
The primitive form is a right rhombic prism of 94° 52'. The crystals 
are usually long needles on Limonite or Quartz, which thoy often pene- 
trate. They are usually striated and foi'med by the juxtaposition of a 
number of crystals. It bears the same relation to Hematite that Diaspora 
haa to Corundum. ,It is isomorphous with Diaspore and like it, crystailiaea 
as a right rhombic prism with an easy cleavage, parallel to the braohy- 
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pinaooid. Its lustre is adamantine, semi-metallic or oartliy. Color, 
yellowish-white or brownish. When transparent, it is often blood-red. 
Its Btreak b brownish-yellow, or yellow. H.=5-5.5. CJ. =4-4.4. 
Composition, Pe 8.99, S lO.l. 

Pyr. &C. B. P, Heated in a tube, it gives off water and b. 
red. Infusible but gives in the E, F. a m^neUc globule. Gives re 
for iron, and generally for manganese. Easily solnble in HCl. 

It is also found in ihin transparent scales of an orange eolor on Quartz 
and Limonite. Oq Linionite they have a rosy color and usually a 
pearly lustre. It is found in great abundance on Hematite, at the Jackson 
iron mine in Lake Superior and on. Liraonite at Easton, Pa, 



PI. 5XII. 

Fiff. 9. coP. coP2. «Fo=. P. P'v,._ Fig. 10. col'o 
Pot. Rg. 11. oo^ro. 4?ot. Pco. roPo=. 



Sin. — Bog Ore, Yellow Ochre, Brown Ochre, Brown Hematite, Rasea- 
eisenstein, Stjipnosidcrite, Brauner Glaskopf, BrauneJsenstein, Mine 

de for limoneuse. 
It is never ciystallized, but is found as concretions having a fibrous and 
radiated structure, amorphous and earthy. Its fracture is fibrous and fre- 
quently ihowa a gradation of colors in bands. The colors are different 
^ades of brown, and the streak is a yellowish brown. In the impure 
varieties, the fracture ie entirely eartliy. When concretionary, it takes 
the form of large or small Btaiactites, or raamelonated coatings. The sur- 
&oe IS usually smooth and often lustrous. This is generally owing to a 
very tiiin coating of manganese. Its lustre is very variable. The fibrous 
varieties have generally a silky, the botryoidal varieties a metallic lustre. 
Very often it is dull and earthy. Color, generally different shades of 
brown, sometimes nearly black in the botryoidal varieties. When earthy, 
brownish or ochre-yellow. Streak, yellowish-brown. H.=5-5.5, 
G.=3.6-i. Composition, ¥e 86.6. H 14.4. 

PjT. Ac. B, P. Gives off water and becomes red. Soluble in 

A variety called Aetitea by the ancients was used as amulets and sup- 
posed to possess great virtue. They are ali geodio varieties, which are 
generally impure and mixed with sand. They show a concentric struc- 
ture. The interior is sometimes empty and sometimes contains a movable 
hard substance, of the same composition as the outside, which separated 
from the rest when the mass contracted in drying, and which frequently 
makes a noise wlien shaken. It is also found pisolilic, the grains held to- 
gether by acementof thesamesubstance, but usually much poorer in iron. 
In France these masses constitute a very important ore of iron. Thej 
are entirely analogous, except in their composition and color, to the piso- 
lites of Cdcite, which have been described. The center of each globule 
is generally a small piece of some foreign substance, usually a grain of 
sand, Magnetite or Menaccauitc, or even Chromite. Their forma- 
tion appears to be owing to the decomposition of Siderite, held in solu- 
tion in water. The oolitic varieties, except in color, are quite analogous 
to the oolites of Hematite. It often forms extensive beds, whicb Jira 
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■worked as an ore. The cement whicli holds them together is oflea clay 
This is usually separated by w h g 1 to 11 I 

also found as inegular m -isea d p b bly by mm pb 

action, and, in a large n ml f e> by th d mp f Py 

These masses are usually y mp d m d 1 ! y b 

stances. They give ris t mbe t p d m pi Tl hy 

Tiirieties are called ooh wl 1 1 y ml ! K t d 

with hydrated sesquiox d 1 Tl y m t m uffi ly h 

to be mined as ores of iron. Their color is variable from brown, almost 
black, through all the ahadea of brown to pale yellow, known as Yellow 
Ochre. The colors give little or no idea of the yield of the ore- in iron, 
for tliey vary not only with the quantity of iron contained, but also with 
its state of aggregation. It often happens, that a pale yellow ochre is rich- 
er than a brown one. This variation of color is not only found in natural, 
but also in artificial products, as in the different varieties of rouge, the 
color of whicli varies with the method of manufacture. , An important 
variety of Limonite is called Bog Ore. This ore is very abundant, 
especially in Sweden, Russia, and soma parts of this country. 
It is found in an entirely different association from the preceding 
varieties. It is not produced by the decomposition of Siderite, but 
seems to be owing to the decomposition of organic, generally vegetable 
matter in ferruginous waters. These maas^ are brown, more or less 
darit, with a smooth, even, and sometimes oonchoidai fracture, which may 
even be resinous. It is always impure, containing besides the gangues, 
sulphur, phosphorus and some portion of oi^arric matter, frequently mo- 
menta of planls which are not enfirely decomposed, but which preserve their 
woody fiber, while passing into the state of peat. This production or 
Limonite by means of the decomposition of plants, is going on exten- 
sively now. The mines from which it is taken are not exhausted, 
because the ore is found continuously, so that it is easy to watch the pro- 
gress of its formation. It is remarked, that when the roots of a tree afe 
decomposed in the midst of a ferruginous sand, the sand around them 
is rendered colorless for a certain distance. The acid products of decem- 
position, such as ulmie, ceramic and aprooeramic acids, when disengaged, 
dissolve out the oxide of iron from the neighboring sand, carrying it off 
with them. These salts on arriving at the air, are oxidized, the organic 
acids are burned, and a part of the Q resulting from tiieir decomposition is 
fixed as 6e 0. This carbonate once fonaed is dissolved by virtue of 
the excess of Q and, when it decomposes, Limonite is produced. It 
is always very impure, because, it contains sulphur and phosphorus 
besides the earthy material, Limonite is one of the most important 
of the ores of iron. It is mined extensively in the western part of New 
Englaiid, New York, Pennsylvania and other states. It is sometimes 
ground and used as a polismng material, furnishing different colors of 
brown and yeUow, according to the method of its pireparation. 

Pyrrliotite. Fe^ S*. Hexagonal. 

Syh. — Pyrrhotine, Magnetic Pyrites, Maguetkies, Fer sulfure magnetique, 

Magnetopyrite. 

This Pyrites is magnetic and is the compound of iron and sulphur, 

' ■ ' ■ " • - " ■ ^--- j|. jj, g]gQ foun^j in nature. Sometimes the 
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lized. The beat formed crystals are found ia Meteorites. They are also 
aometiines found dipseminated in a gangup. It is generally, however, 
found ill lamelLir, crystalline masses, which can be easily recognized by 
their bronze color. It has an eafly cleavage, parallel to the base, and 
traces of cleavage parallel to tke faces of the prism. Its fracture ia lamel- 
lar, poraetiiaes conohoidal or even granular. Lustre, metallic. Color, dark 
vellow, bronze, and often a yellowish-red. Strealf, dark grayish-black., 
i'he powder is always mr^netic. S,=3.5'4.5. CJ.=4. 4-4.63. Compoai- 
tioa, Fe' S'=Fe 60.5; 8 39.5. 

Pyr. &c. B. P. Ia an open tube, it gives off S. On Oh., it be- 
comes either !6'e or Fe, according ta the flame in which it is heated. In 
the R. F., it fuses to a magnetic mass. Generally gives the reactions for 
Ni and Co. Itis attacked by the non-osydizing acids. Sometimes it 
gives off HS and kaves sulphur aa a residue- 
Its most ordinary associations are Magnetite and Apatite, but it is fre- 
quently mixed with other sulphides, which may somewhat modify its 
color. It is often found aa a pseudomorph after Arseuopyrite. Its 
inferior hardness and color distinKUish it from Pyrite. From the ores of 
Oo and. Hi, it is distinguished by giving the iron reaction and a very mag- 
netic globule. . It is found in a large number of places, in New England, 
in New York State, New Jersey, Pennsylvania and Tennessee. 
fohmCj-^ of tqe crystals. 
n XXII. 
Mff. 12. ccP. P. OP. 

Pyrltc, Fe S'. Isombteic. 
Sts. — Iron Pyrites, Sohwefelkies, Eisenkiea, Fer sulfurS janne. 
Shows almost always the hemihedry of paraliel faces, witi traces of a 
cubical cleavage. It is frequently found cryatallized with striated faces, 
but sometimes with polished ones. Its usual forma are the cube, octahe- 
dron, and a combination of the cube and hemi-tetrahexahedron, the faces 
of which are almost always striated parallel lo their intersection with the 
cube. Faces of two hemi-tetrahexahedra at different angles are also 
found at times; in such a case, the feces of the cube have entirely dis- 
appeared, and there is often a trace of octaliedral faces and when these 
&ces are large, they form the solid of twenty triangular faces, the icosa* 
hedron. The faces of the hemi-tetrahexahedron in this case are alwa)^ 
striated, while those of the octahedron are smooth. The diploid is also 
found in combination with the herai-tetrahesahedron. Crystals of Pyrite 
are often very lat^e and have sometimes very brilliant 'faces. The clea- 
TOffe is more or less distinctly cubical or octahedral. It is very fragile, 
and its fracture is rough, rarely conchoidaL Its lustre is metallie, some- 
times splendent. The color on its natural faces and on its fracture is brass- 
yellow, with a very decided metallic lustre, and is quite uniform. This 
color caused it to be much sought aflsr at one time, as an object of orna- 
ment. It was then known to jewelers under the name of Marcasite. Its 
streak ia greenish or brownish-black. II,=6-6.5. It strikes fire with 
the steel without giving out any odor. G.=4.83-5.2. Composition, 
Fe 46.7, S 53.3. 

Pyr. Ac. B, P. It fuses in tlie flame of a candle. Heated in a 
tube, sulphur sublimes. In the K. 1',, a residue is obtained which attracts 
the raagnoti. The non-oxydizing acids do not act upon it. It is attacked 
by H with effervescence and gives off H8. 
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It is also found aa concretions in balla covered with points of crystals. 
Tliese are sometimes sufHcieatly brilliant, to give the ball a velvety ap- 
pearance. The concretionary variety is also found as a coating on the 
various gaiigues. The fracture of these masses is generally compact, 
rarely fibrous, sometimes silky or velvety. It is also found as dendrites, 
which are ramified around straight or curved lines. It also occurs as 
amorphous masses with an unequal rough fracture, but otherwise having 
the same aspect as the crystals. It fl'equently by pseudomorphism takes 
the shape of organisms, especially in the Lias. These forms seem to be 
owing to the reducing action, which organic matter in decomposition ex- 
orcises on the sulphates. In these imitative forms Pyrite frequently pre- 
serves the structure of the organism. It appears generally to have formed 
after all tlie hollow parts have been filled up by some substance, which 
appears usually to be Calcite. When it is in the at^te of incrustations, it 
is never as perfect in preserving the structure as Quartz, and it is usuily 
impossible ln,any case to fitudy the details of the organism as it is in 
Quartz. It is susceptible of arematkable decomposition, which has taken 
place under circumstances which are not perfectly understood, which is 
called Hepatic Pyrites, (from hepar, the greek word meaning liver.) It 
still has the form of Pyrite but its composition is generally that of Limon- 
ite. The sulphur has completely disappeared, we do not know how, 
without causing tlie crystal to be any the less perfect. When the altera- 
tion is not complete, Pyrite is found in the interior. This aenie decompo- 
sition baa sometimes taken place in nature on a very large scale, produc- 
ing lat^ bodies of valuable iron ore, which are now worked, Pyrite is not 
altered in tlie air, and does not decompose in collections. Its name is from 
j>«i',flre, in allusion to its striking fire with a steel It is distinguished from 
Chtdcopyrite by its much greater hardness, and by its paler color. It is 
distinguished from Mareasite by being of a much lighter yellow. From 
Gold, oy its not being aeotile. It is exten.sively used in the manufacture 
of green vitriol and sulphuric acid. It is found very generally dissemina- 
ted throughout the rocks of the U. S. 



PI. XXII. 

Fig. 13. 00 (». The striations result from an oscillatory combination 
between the cube and pentagonal dodecahedron. SHg, li. __ — The 

most usual form. Fig. If,. '±^. ^-^~^. Fig. \Q. [*^] ; this 

form occurs sometimes. My.VJ. "^ ^-- . 0. o:. «). Fig. IS. ^.9'^: 

[3 O -S-l CO 2 

- — i , Fig. \S). O. — _ — ; a very frequent combination, 

F^. 20. The same as the preceding, butwiththe faces equally developed, 

so that it resembles an ieosahedron. Fig. 2'l. ^ I F'ig. 

22. The same combination, but with the other dodecahedron. Fig, 23. 

[i£J]. „0». fl^. 21. .0^. 0. 202. [12?]. 20_2. 

Fig. 25. Twin crystal; composition-face wOco. PI. XXIIT. Fig. 1. 
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^-x — s— ■ interpenetraiion twin. Fig. 2. The preceding, wili tlie 

modification txj 00. Fig.S. ThecuberesuitiDgfrom Jij.S; tlie stria tiona 
ahow its derivation. 

Marcasite, Fe S', OiiTHocaoMBic. 



It crystallizes in a right rhombic prism of 106° 5', wiOi a cleavage 
parallel to tlie prism, and only traces parallel to the brachypinacoid. The 
simple crystals are found as prisms, or as the union of two domes in such 
a way as to resemble tlie regular octahedron. They can only be distin- 
guished by measurement of the angles. The crystals however are rarely 
single, The crystals, Fig. 6, which are quite short, are united by the 
faces of the prism and make complex forms. The form Fig. 10, where 
the composing crystals are complete, is rare. They are generally com- 
posed as in Mg. 7, and as in Mg. 8, with an indented contour, ofteo also, 
as the angle of the crystaU is 73° 58' or almost that, of a regular penta- 
gon. The ctystals are found united by fives as in Ji^g, 0. This disposition 
13 quite common, and is called Oookseomb Pyrites. Its fracture ia rough and 
somewhat granular. It has a very decided metallic lustre, especially in 
the varieties which do not show a green tinge which appears to be 
owing to a commencement of decomposition. Ifs'color ia a much lighter 
yellow, and more greenish than Pyrite. Streak, gr^ish or brownish- 
black. H.-6-6.5. 0.^4,678-4 847 Composition Fe46 7 8 53 3 

Pyr. &c. B. P. With the blowpipe and the different re'igents it 
acts exactly as Pyrites. 

It haa exactly the same composition as Pjnte of which it is the 
dimorphic form. It is also found crystalline or eoneret onary In some 
formations, especially in the Chalk it occurs in bill somet mes m 
cylindrical masses with a fibrous ai d radiated structure ne surfaces oi 
which are covered with the points of orystils having the pseudo octahe 
dral form. Occasionally, though much more rarely tl an Pjnle, Marcasite 
takes the forms of organisms either bj filling or by substituting molecule 
for molecule. It decomposes very easily in the air, and forms sulphate of 
iron. In order to preserve it in collections, it must generally be coated 
with yarnish. Sometimes, though rarely, the product of decomposition is 
Ilenatic Pyrites, as is the casewith the baUs that occur in the Chalk, A 
vnnety is sometimes found which does not decompose. It is used for 
IS Pyrite. It is largely found in the U, S. 



Fi. xxin. 

Fig. 4. Fa,. ?_co. coP. P. OP. Mg. 6, odP. OP. iVai. 
Pen. Fig. G. P, Po3. Fig. ?. Twin crystal; coniposition-face coP. 
Fig. 8. Twin, consisting of four indiTiduals, Mg. 9, Twin consisting 
of five individuals. Fig. 10, Group of four crystals; composition- face, 
odP. Fig. 11, Twin crystal. 

Melanterltc. Pe S-(-7 D, Monoclinic. 
Srs.— Green viti'iol, Copperas, Sulphate of Iron, Ebenyitiiol, Per sulfate. 

It crystallizes as an inclined rhombic prism of 82° 21, and the crystals 
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are usually needle sliaped. It has a.n easy eieavoge parallel to the base, 
and a more difficult one parallel to the prism. Fracture, eonchoidal. 
Lustre, vitreous. Tranparent, translucent. Color, different sliades of 

froen or white. Streak, colorless. H.=2. G.!=1.832. CompositioQ, 
28-8, te 25.9, fi 45.3. 

Pyr, flic. B. P. In olosed tube gives H,8 and S. Ou Oh., gives 
the reactions for 8 and Fe. Soluble in twice its weight of water. It ia 
usually found as an efBorescence, beiug a product of the decoraposition of 
Pyrite. It is white when it has not beea exposed to the air, but soon 
becomes green, blue or brown by oxidation. It is used in dyeing and tan- 
niaa, in loakiiig ink and Prussian blue. It is found abundantly in the 
U.S. 

FOEMOL^ OF rnK CRYSTALS. 

PL XXIIL 
My. 12. CO P. OP. This crystal resembles a rhombobedron. Mg. 
13. ojP, op. Po3. Mg. U. The preceding, with coPco, Mff. 15. 
The oombination Fig. 2, with -P. Pco. coPoo. Mg. 16. Fig. 16, 
with -P ro, 

Coplapite, Se' S'+18 fl. Hexagonal. ! 



It is found aa fibrous masses or erystalline aggregations, which are 
rhombic or hexagonal in form. It has a perfect bas^ doavagc. Lustre, 
pearly. Translucent. Color canary or sulphur-yellow. II. = L5. Cr.= 
2.14. Composition, S 42.7, S 34.2, S 23.1. 

I*yT. flee. B. P. In a tube yields H and 3. On Ch., gives a mag- 
netic mass, and the reaction for 8. Insoluble in water. 

Occurs in Saxony, in the Harta, in ITrance and Cliili, as the result of 
■ ■ '■" n of Pyrife. 

TlTlanlto. fp' P+8 fl. Monoclikio. 



There are several phosphates of iron, found in nature, but this is the 
most important one. It crystallizes as an oblique rhombic prism of 111° 
12', with a very easy cleavage parallel to the olinopinacoid. The usual 
form is a combination of both pinaooids , the prlsin, pyramid and macrodome. 
Crystals are usually found as needles on metallic substances. Their faces 
are very generally curved. It has a vitreous lustre, except on the faces of 
the oliuopinaeoids which are pearly or metallic. Traceparenti traosluoent^ 
but becomes opaque on exposure. In fresh fractures, it is white and color- 
less, but becomes blue, owing to a partial peroxidation. When it has un- 
dergone the action of the air, it is sometimes deep blue, or bluish or dirty 
brown, sometimes evea black. Streak, colorless. H.=1.5-2. G.= 
2.58-2.68. Composition, Je 43, P 28.3, fl 28.T. 

Ffr. &c, B. IP. Decrepitates, fuses at 1.5 to a magnetic globule 
and colors the flame green (P). G-ives off water. It is soluble in HCl 
witliout effervescence. 

Its usual occurrence is in cavities of certain rocks, especially lavas or 
rocks in coal mines, which have f>een on fire. It ia also found in the 
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inside of buried bones and fossil sliolls. It is found eartliy, in little banchea 
ia clays. It is then generally of a more or less diu'k blue, but soraetimea 
of a greenish or violet color, resembling certwn salts of copper, but is 
easily distinguished by a chemical test. It is found at the &ap mine, Pa., 
and ia large quantities, at MuUica Hill, Gloucester Co., N. J., replacing 
Belemnites. 



PI. xxm, 

Mg. 17.0ofoo.C»Pcc.Poo. P. CoP.Cof a i%. :aooP(B. ooPoo. 
Poo. Mg. 19. <Bpm. <»P. P. 

JLieucopyrite.. I*e As'. OiiTnoHHOMBio, 
Srs. — Arseneisen, Arsenikk alkies. 

The forms of the crystals are the same as those of Arsenopyrite, only 
differing in the value of their angles. The angle of the prism in Leueo- 
pyrife is 122°, but in Arsenopyrite it is 111°. Fracture, uneven. Lustre, 
metallic. Color, silver or steel-gray. Streak, gr y h bl k II.=5-5.5. 
«.=6.8-8.71. Composition, As 72.8, Fe 27.2 

I*yr. &e, B, P. In a closed tube gives As, d pen tube 

Sa. On Ch., gives the odor of nrsenie and ia O P t g f As; in 

it. F. a magnetic "globulft Gives the reactions f 

It very much resembles AraeiK^yrite, and ca g Uy ly be distin- 
gnished from it by a chemical test, in which ly c and no 

sulphur is found. Its density is high, about 7, h 1 tl t f A enopjrite 



PI. xsin. 

Fig. 20. ooP. Ft». 

Arsenopyrite. Fe (As, 8)', Oethorhombic. 
Syn.— Mispickel, Arsenical pyrites, Arsenkies, Per arsenical. 

It crystallizes in the right rhombic prisrn of 111° 63', with traces of 
cleav^e parallel to the prism. The crystals are mostly prisms attached 
to a gangue. They may have a rounded termination, which is a union of 
domes, or pseudo-octahedron. The crystals are often macled, parallel, 
either to the prism or macrodome. They have irequently such a number 
effaces that they appear to be curved and striated. The brachydome is 
usually striated, which is very characteristio. Lustre, metallic and quite 
light m a fresh fracture, but it becomes dull on exposure to the air. Color 
silver or tin-white. Streak, grayish-black. H.=5.5-6. CJ. ==6-6.4. 
Composition, As 46, 8 19.6, Fe 34.4. 

Pyr. Ac. B. P. On Ch., it gives arsenical fumes. The heat from 
stroke of the steel is sufficient to produce this odor. Heated in a tube, it 
gives off 8 and As, which condense first as a red sublimate of sulphide of 
As and then as a mirror of As, He^d for a long time in H. P., it gives 
a magnetic scoria. Decomposed by S, pving a deposit of As and S. 

Large masses of Arsenopyrite are semi crystalline or indistinctly fibrous, 
they are I'arely amorphous, compact and granular. It is distinguished 
from Marcadte by its color, its reaction for arsenic and its density, which 
is 6.12, while that of Marcasit* is about 5. Besembles Cobaltite, but it 
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can be distinguwhed by the ciystalline form and a chemical test 
found abundantly ia tlie TJ. 8. 



Fi. xxirr. 

Fiff. 21, cop. iPcfi. The chai'acteristic striation oi the brat.h>- 
dome js shown on one of the faces. Mff. 22. co P. I fro P os i^ 
23, Poo. fee. i^co. Eesembles a square octihedron Mg 34. 
CO P. iPco. Pec. Mg. 2o. Twin crystal; pompoiition-faee coP 
Horizontal projection. Mff. 26. Twin with the combination Mg 31, 
composition-face P oo, 

Scorodite, Pe Ss+4 fi. ORTnonaoMBic. 

Syh. — Arsoniksinter, Eisensinter. 

It crystallizes aa'a rhombic prism of 98° 2', generally in little crystals of 

a, bluish-green color usually slightly altered. OUavage imperfect, parnllel . 
to the bracliypinacoid. Lustre, vitreous. Fracture, uneven. Translucent, 
Color, pale green or brown. Streak, white. H,=3.5-4. G,=3. 1-3.3. 
Composition, ts 49,8, Pe 34.7, fi 15.5. 

Pyr, dec. B, P. In a closed tube yields H and turns yellow. On 
Ch., fuses easily colors the fiarae blue (As), and gives off arsenical fumes. 
Soluble ill HOI. 

Soorodite is found in Edenville, N. Y., and ia Carabas Co., N. C. 



PtXXlV. 



POKMUL^ OS THB ORTBTAIS. 



if??. 1. P. wPco. 03 Poo. Fig. 2. P. ooPw. coP2. Fig. d. 
P. OP. coPco,_(cP2. 2Pi». Mg. 4. The combination Fig. 1, 
with coP'3 and 2 P 03. 

Ptaarmacogiflcrlte. 3 Fe Jts+Pe S'+I2 fi. Isometric. 
Sth.— Cube Ore, "Wiirfelerz, Fer ars ate 

Its usual form is the cube, but tetraheclral faces ha b n f und The 
crystals are found in cavities. Its cleavages are very d fli It pa all 1 t 
the cube. Its fracture is conchoidal and its lustre v t e u 1 an pa nt 
Its color is usually emerald-green. This green be mes b o n th 
flame of a candle. It ia sometimes found browQ or ho y y II w 8t ak 
green, brown and yellow. It is pyroelectric 

Pyr. &C B. P. In O. F. melts rapidly to a metallic globule which 
ia not mi^netio. In the E. F., it becomes a magnetic scoria and arsenic is 
given off. Soluble in acids. 

With the blowpipe and with acids, it is easily distinguished from the 
copper salis which, it resembles. 

FORMULA OP Tim CRtSTALS. 

Pi. SIX 
J^. 15. mOoo 



O 
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Arsenio§Idcrlte. Ca" Xs+i Pe' Sa+la H. 

It is quite rare, and is found in Sbroua concretions of a Jollowisli-browii 
or poWen color. Lustre, silliy. Streak, yellowish-brown, H,— 1-8. 
«.=3.52-3.88. Composition, Xa 3T.9, Pe 42.1, Ca 11.1, H 8.9. 

Pyr. &C. B. P. T!ie same as Scorodite. 

Siderite. to 0. Hbxaqomal. 

Sys. — Chaljbite, Spathio Iron, Spberosiderito, Spatheisenstein, Eisen- 
spath, rcr spathique, Per carbonate, Siderose, 

It crystallizes in. rhombohedra of 107°, with a very easy oleav^e parallel 
to the faces of the rhombohedron. It ia generally found as the primitive 
rhombohedron with curved faces, the curve affecting even the cleavage. 
It is also found in lenticular and coekaeomb crystals. Its fracture is lamellar, 
rarely conchoidal. Lustr^ vitreous or pearly. When just taken from the 
mine and quite pure, it is sometimes entirely white, but it soon becomes 
alteied in the air, and takes a grayisti color, which aometime^ becomes 
iDFOwn, brownish-red or green. Streak, ■white. H.=3.d-4.5. G.= 
3.7-3.0. Composition, te 62.1, .^7.i). 

Pyr. &c. B. P. On Oh., blackens and fuses at 4.5. Heated in a 
closed tube, itdecrepitatesiblackensaudgiveaamagoetic globule. InO.F., 
(he ta becomes Pe, in R. F. becomes magnetic. With acids, it effer- 
vesces slowly when cold. 

It is found crystalline and compact. It was supposed for a long time, 
that an Aragonite of iron called Junckerite existed, which was isomor- 
phous with the carbonates of baryta, strontia, lime and lead, but it has 
been proved not to be well founded. It is almost to be regretted that 
it is not so. It is sometimes entirely black, owing to the presence of 
manganese. This decomposition is remarkable, since carbonate of iron 
and manganese when perfectly pure do not easily become perosidized. 
It ia also found in beds of different colors, which have been formed by 
the decomposition of sulphates of iron in contact with organic matter, pro- 
ducing Pyrite and Siderite. It generally has a lustre analogous to that of 
Dolomite, but its density is nearly 4, while that of Dolomite is 2.8 to 3. 
When found in lamellar, aaccharoidal masses or granular, it resembles Oalcite, 
but the density distinguishes it^ Exceptionally, it is found fibrous. This 
variety ia distmguished under the name of Spherosideritc ; it is generally 
found in cavities in Basalt, tbrmtng littie mamelons with a velvety surface, 
and a fibrous or scaly firacture. It might be mistaken for Sphalerite, but 
the action of acids will distinguish it. The lithoidal variety of Siderite 
is whitjsh or brownish in a fresh fracture, but is quickly altered on expo- 
sure to the air and becomes brown. Its fracture is compact and conchoi- 
dal, and is devoid of lustre. These masses have no very distinctive charac- 
teristics, and can only be distinguished by the action of acids. It is most 
estensively found in the coal formation, in which case it ia black or 
brownish. When it is associated with bituminous matter it is called 
Black band. One of the ordinary appearances of this variety is in the 
shape of Septaria, These are spheroidal, flattened and brownish masses, 
which have been cracked during their formation, and subsequently these 
cracks filled with Calcite and Quarta. It also forms pseud omorphs. It is 
distinguished from Dolomite and Calcite, which it resembles, by its higher 
Bpeciflc gravity, and by giving a magnetic globule. 
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Siderite is one of the most important ores of iron. It is found in veins 
at New Milford, Conn., Plyraoutii, N. H., and Stirling Mass,, and otiier 
piaues, Tiie argillaceous variety is very abundant in tiie coal formation, 

FORHU1.S OF THE CRYSTALS. 

PI. XXIV. 

Fig. 5. K. Faces usually curved. Mg. 6. E, OR, 

Menacnanite. (Ti, Fe, Mn, Mg)' 0\ Hbxaoosal. 



It crystallizes as a rhombohedron of 85° 40'. It has a number of 
derived forms, many of vrhioh are hemihedral and twins. Lustre, metallic. 
Color, bluish-black. Streak, black or reddish-black. H.=5,6. CJ,= 
4.5-^. The composition varies greatly. Ti 10-59, ffe 1.3-82.47, S'e 
1.5-50.1T. 

Pyr. &c. B. P. It is infusible ; with S.Ph. in the 0. P. it is 
dissolved. In E. F., it gives a bead, which is colorless when hot, but 
dark violet on cooling. When pulverized and heated with UOL it is 
slowly dissolved to a yellow solution, which, when filtered and boiled 
with tin, becomes blue. 

It has the same general characteristics as Magnetite, except perhaps 
that it is a little bluer and does not attract the m^net. The crystals, 
which are quite rare, are sometimes very large, and generally have a red- 
dish tinge on the surface, owing to a parlial decomposition. It is fre- 
quently found as a sand. It is very rare that Magnetites do not contain 
some trace of Titanic Iron, It is also freq ntly f d tl th f 

iron, as in Hematite, for in almost all of th f ac wh th 
are used, nltrocyanide of titanium is f und It h 1 ss lust th 
Hematite, and has a blaok streak. It is f 1 ttl 1 "ta a f 

HS it is too refractory to smelt in large q 1 1 It f d 1 

crystals in Orange Co., N. Y., also at Wash to d 1 wh n 

Conn., and in Mass. and R. L 



PI XXIV. 

Mg. 7. R. OR. -2R. ^-. Fig. 8. 5R. OE. Fig. 9. 5B. 
E.OR. 

Cliromitc. (i'e, Cr, Sig) (SI, Pe, Sr). Isometric. 
Syn, — Chromic Iron, Ohromeisenstein, Per chromatfi. 

It is one of the Spinels of iron, a sort of Magnetite, in which ihe Pa is 
replaced by Sr, and SI. It has the same forms as Magnetite, but is not 
BO frequently crystallized nor so perfectly. Its usual form is the octahe- 
dron, more rarely the cube. Fracture, uneven. Lustre, semi-metallic. 
Opaque. Color, brownish-black. Streak, brown. Sometimes slightly 
magnetic. H.=5.5. «. =4.321-4.498, Composition, for the formula 
teBr, S'e32, «r G8. 

PyP. &C. B. P. In 0. F. infusible ; in E, F., sliglitly rounded on 
the edges and becomes magnetic. With fluies, gives the reactions for 
chromium, wJiich distinguish it from Magnetite. It is not attacked by 



.d by Google 



liECTURES OS MINERALOGY. 129 

Itresembles Magnetite and cannot be distioguisheii ftom it wilh certainty, 
except by its chemical properties. It is perhaps a little bhioker than, 
ordinary Jlagnetilfl, but this la only an external character, which may not 
Jiold good. It 13 often found as a sand composed of octahedral crystals. 
It is used for the manufacture of pignieuta. It is found in Veimont, 
Massachusetts, Connecticut, Fennsylvaaia, Maryland auU elsewliei'e. 

Columbite. (f'e, liln) (<5b, *"a). Ohthobhombio. 
Syn. — Niobite. 
Crystallizes as a right rhombic prism of 101° 26'. The forma which'pre- 
dominate are those of the square prism, the angles of which are frequentlr 
so higlily modiSed, as to appear rounded. It has cleavages parallel to botii 
macro and brachypinacoids. Fracture, uneven. Lustre, submetallic. 
Opaque. Streak, dark red to black. II.=6. O. =5.4-6.5. Composi- 
tion, for Je Cb, ^e 21.17, 8b 78.83. The columbio acid is always in 

Pyr. &c. B. P. Withboraxitisdissolveii, giving the reactions for 
iron. If fiaraed in the E. F., gives a grayish-wMte bead, or, if there is an 
excess, the bead becomes opaque without flaming. 

Its very dark color and a slight irideacence which is almost always 
found on the specimens, distinguishes it from other minerals. Its princi- 
pal localities in the U. S. are Haddam and Middletown, Conn., where it 
occurs in crystals and in pieces of considerable size in the Feldspar, 
quarries. 



Pt XXIY. 

Mg.lO. odFos. mX'3. coPoo. OP. 3^3^ P. iPa^. Mg. U. 
a. P a., w P 05. 00 P. oj 5^ 3._ P. P. 2 P w. P os. Mg. 12. 
foi^w. Pa.. iPo;. P. coPoD, 2 P. oo Fs.co P. J^i?. 13. ooFos. 
iFw. Pa.. 2F05. coP. P. 3F|. coFs. 2P. 3P3. Mg. 14 
coPot. odPoj. a)P2. toP. p3. 

tVoI£k^mit«. 2 !■"« W+3 SinW or 4 te W+Sla W. OnTHoBaoMBro 
Sys.— Wolfram. 

Its primitive form is a right rhombic prism of 101° 5', with a very easy 
cleavage parallel to the braehypinaeoid, which gives it a lamellar struc- 
ture, and another perpendicular to it, which is not so easy. The erystalB 
usually show (he prism and macrodome very prominently, but are rarely 
complete. They are usually striated, on account of the eas^ cleavage- 
DM'ailel to the braehypinaeoid. I'hey show the hemibedry with paralieli 
faces. They are often macled and, as this macie is not parallel, the 
cleavage shows reentrant angles. Lustre, selni-metallic. Opaque. CoIob, 
dark grayish or browniah-blaok. Streak, dark reddish-brown or black. 
It is sometimes slightly magnetic H.=5-.55. G.=7.1-?.55. Compo- 
sition, for Hie first formula, W, 15.33, te 9.55, Mn 15.12 ; for the second; 
W 76,2, :S'e 5.6, Sn 17.94. 

PjT. &c. B. P. Fuses at 2.5-3 to a globule studded with cry&- 
taifl. "With borax and S.Ph. gives the reaction of tungslic acid, red when 
9 
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hot, yellow when cold. It is attacked witli difficulty by acids, and gives 
np tungstic acid when cold. 

It is also found in lamellar masses made up of imperfect crystals. Its 
density fracture and streak distinguisli it from Hematite and Magnetite, 
which it very often resembles. It has been found in Munroe, Trumbull, 
Conn., also in Maryland, N. Caroliaa, and Missouri. 



PI. XXIV. 
Mg. 15. coP. coP<x>. iPoD. ^m. Fig. 16. coP. 
oaPco. otP2. f^. P. 2P'2. ^. 17. Twin crystal; 
tion-faee CO P OT. J^. 18. Twincrystal; corapoaition-face | Pi 

lEraunitc. Sn Mn, or Stn. TersAflONAL. 
Sts. — Hartbraunstoin. 

It crystallizes as an octahedron, the angle of wbicli is 119° 46'. It is 
not isoniorplioiis with Hematite, which is hexagonal. Some of the 
varieties show an obscure octaJiedral cleavage, but crystals are comparative- 
ly rare. They are generally octahedra, which are less acute than those of 
Hausmaanite; they frequently show the base, and have curved faces. 
Smaller crystals are sometimes found with tie octahedron and di-oelahe- 
dron. It has an uneven fracture and a metallic lustre, which is sometimes 
quite distinct. Opaque, It is black, with more or less of a bluish or 
brownish tint. Its streak is brown into black, without any tinge of red, 
which distinguishes it from Hausmaanite, which is often found on the 
same specimea H.=6-6.6. G.=4,T5-4.82. Composition, Mn 86.95, 
9.85, Ba 3,23. S 0.95. 

Pyr. &c. B, P. Infusible and does not give off fi. With fluxes, 
pves the reactions for Mn. The noli-oxidizing acids hardly attack it and 
give off only a little CI. With HCl, CI b evolved. When it contains 
Rhodonite, gelatinous silica is deposited. 

It is almost always found in granular masses, of a bluish-black color. 
The grains are very small and do not show cleavage. The bluish lustre 
will distinguish them from Magnetite and Hematite, but the color of 
their strei^ is a better distinction. Like Alabandite, Braunit« is often 
found in little veins in the silicate or carbonate of manganese, as a product 
of their decomposition, in which case it is very impure and gives up 
gelatinous silica, or even effervesces slightly. It is also found associated 
■with other minerals of manganese, as the violet variety of Bpidote, 
!the Titanite containing manganese, and Hausmannite. 

Haasmaniiile, JlUa" 1iia. Tetraoohal. 
S YN. — -Glanzbraunstein . 

The angle of the octahedron is 105° 25'. It is the red oxide of man- 
■gauese of the laboratories. It has an easy cleavage parallel to the base 
-and octahedral cleavages, which are mora difficult. The simple crystals 
lare octahedra, which are sometimes truncated. They are often grouped 
;2 by 2 or 4 by 4, the twin plane being parallel to the octahedron. Ita 
(fracture is uneven. Lustre, submetallic. Opaque. Its color is generally 
'trown, almost Hack. Streak, chestnut-brown, almost red. H.=5-5.6. 
-G-.si.raS, Composition, Mn 72,1, O 27.9. 

Pyr, &c. B, P. Alone, it is infusible. With the fluxes, gives the 
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i for Mil. The aon-oxidiEing acida atta k t " g ' " tt'^ C!' 
nCI, gives CI. 

Besides the crystals, crystalline masses are foiu d wl h □ pt mea 
show the pointa of crystals; oR«q in others there are no cry tals hut 
ODly cleav^es. They are often deep black wh cl eas ly dist nguiahea 
them from the oxides of iron. If it is crystal! zed the a ute ootahe 
dra are easily distinguished. The best and most d st nctive cl a a Cer st 
ia that of its streak, which is dark redd sh b o vn. w th tl e red color 
most distinct. Sometiraes these masses resemble Magnet te but are dis 
tinguiahed because they are not magnet <■ and Magnetite 1 as a blick 
streak; the red of Hematite is quite different. Volfram te whi h some 
limes resembles it, has a much higher density and a dark riolet streak. 



PI XXIV. 

Fig. 19. P. i^. 20. Twin crystal; compositJon-feoe Pco, PI, 
XXV. Mf. 1. Twinning repeated with four individuals. 

PyrolUiltO. Mn, OETHOnHOMBIC, 

Sts. — WeichmanganerE, 

It crystallizes as a right rliombic prism of 93° id', with a oletfvage 
parallel to the brachypinacoid. The crystals are always implanted in a 
gangue and only show their ends. It ia sometimes found in radiated 
bacillary masses, showing in their fracture a lustre which is at the same 
time metallic and silky, with a gray iron color. Its fracture is irregular 
and unequal. Lustre, metallic. Opaque. Color, iron-black or dark steel- 
gray. Streak, black. II.=2-2.5. C=4.82. Composition, Mn 68.3, 
39.7. 

Pyr. &c. B. P. Ia infusible, gives off no water. With fluxes, it 
gives the reactions for Mn. 

It is very fragile, stains the fingers black and ia easily broken up with the 
ndl. It is also found concretionary, sometimes in tubercular masses. 
Sometimes in stalactites, when it is usually cavernous. It is made up of con- 
centric beds of fibres fastened together at the surface, which ia smooth, and 
the adhesion is consequently not very great, Such masses ai'e Terv" 
tender, their ft'acture is fibrous ; sometimes it is compact when impure. It 
is also found amorphous, in large masses disseminated in earthy matter. 
It is then intensely black without lustre, showing sometimes in the fresh 
fractures a slight semi-metaliio reflection, resembling Eeveral metalliij 
sulphides. It is only distinguished by its streak and blowpipe reactions. 
It is ibuiid iu all the geological formations, probably produced by the 
decomposition of the carbonate, as little masses and frequently as dendrites. 
It resembles Psilomelane, but is distinguished by its inferior hardness. 
Prom the ores of iron, it is distinguished by the blowpipe. It is used in 
glass works for making bleaching powders and also for the manufiicture 
of oxygen. It is found in many of the iron mines of the U. 8., formiag 
a velvety coating usually on Limonite. 

PI. XXV. 

Mff. 2. CO P. 
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— Acerd&e. 



It orystallizea as a, right rhombic prism of 99° 40', with an eaay cleaT- 
age parallel to the braohypinacoid, and another more difficult, parallel to the 
prism. It ia usnelly well crystal! inod. The crystals are usually formed 
by the faces of the prism, frequently terminated by a macrodome or all 
octahedron. Generally, however, the crystaia have a very much larger 
number of faces, whion produce very marked striations on the vortical 
fiiccs, so that they are often fluted and rounded. The crystals which have 
the basal terminations are frequently joined together parallel to the prism. 
The common base is in that case striated and undulated, by the projecUoa 
of the terrainationa of the different crystals. The crystals in such a case 
are very much striated and iVequently very lai^. It also shows maeles, 
formed by a hemitrope parallel to the brachydome. It is also found in 
baciUary masses, made up of crystals diveigmg frora a common center. 
Its fracture is unevon. Lustre, semi-metallio. Opaque. Oolor, dark- 
brown or iron-black. Streak, reddish-brown to nearly black, darker than 
Limonite. Its color ia intermediate between that of Braunite and Haus- 
mannite, and might result &om a mixture of two. It is well in tlio pre- 
sence of sueh a powder to seek for water. 

Pyr. &c. B. P. In a tube gives off fi, and is then infusible; (his 
distmguiahea it from the other oxides. With fluxes, it gives the reactions 
for Mn, In acida, evaa before calcination, it is dissolved and gives off 01. 
It ia also found concretionary and stalactitic, resembling the forms of 
Pyrolusite, but usually harder. The distinction is easily made by the color 
of. the stieak and the presence of water. It is found also as very small 
ciystala imbedded in compact Manganite, which has a granular fracture, 
which may -also be unequal. The mioeral is then in concentric, layers. 
It is also found in amorphous masses, which may be distinguished from 
Pyrolusite by their hardness, their streak, and the presence of water. 
Psilomelane often oontains a considerable amount of Manganite, which is 
the reason why it ^vca off so much water. Manganite is found very abun- 
dantly in nature, but it. gives too little chlorine to be used as a substitute 
for Pyrolusite^ it does not pay tlie expenses of working. 



BE CRYSTALS. 

PI. XXV. 
Mg. 3. »P. r»P2. WP2. P3. 2P. 2^2. |P2; the last 
form is hemihcdral, as a rhombic sphenoid. Mg. 4. Horizontal projec- 
tion of the preceding combination. Mg. 5. Twin crystal; composition- 
face parallel to the vertical axis. M^ 6, Twin crystal ; composition-face 
Fee. 

Psilomelane, fBa Jftn) ita + Sn -i- nfi Mn. 
Srs. — Hartm angan era. 
It is never crystalline, but massive and botryoidal ; sometimes the free 
Pyrolusite which is mixed with it, shows traces of crystallization. This 
formula is the <hio around which the mineral varies. It appears to be a 
mixture in variable quantities of Pyrolusite, and Pyrolusite combined with 
bases, wiiich are most generally Ba, sometimes Oa, rarely alkalies or SI, 
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■with a variable proportion of water. Not having a very well daSne^ 
compoMtion, it has no very fixed characters. It 13 harder (lian Pyrohisite, 
and sometimes even strikes fire with the steei. This is owin^ to Ihe pre- 
sence of silica, which separates in a gelatinous state when it is troated 
with acids. Lustre, Eubmetallic. Opaque. Color, iron -black. Streak, 
browni^-black and shining. H.:=5.6, 0=3.7-4,7. Composition, Stn 
and Hu 81.8, 9.5, £ 4.5, S 4.2. 

Pyr,.&C, B. P. In a closed tube vields S. Loses oxygen by 
ignition. Gives the reactions for Mn. Tielde CI with HCl. 
It appews to be a product deposited by mineral waters. There is now at 
Luxeuil, in France, Thermal Springs which abaadon a deposit, which is 
qnite analogous, produced by the decorapoation of Sin held in solution. 
This spring holds in solution also the earthy carbonates and silica. The 
deposit which forms is compact and is quit* comparable to PsUomelane. 
It is also found in concretion.'! resembling PyroJusite, on breaking which, 
fibres are found, which are geuertJly pure Pyrolusite. It is also found 
in compact masses, with a variable fracture, and with characters quite 
analogous to those of Pyrolusite, generally black with a black streak. 
Its hftr\3ness distinguishes it In Qiese compounds the Stn seemB to act 
like an acid and to saturate bases. It has the same uses as Pyrolusite. 

Wad. ■& Hn+fl. fi=fe, Sa, Oo, Hn. 

Sth, — Bog Manganese, Asbolite, Asbolan, KobaJtmanganerz, Schwarzer 
Erdkobalt, Larapadite. 

This mineral is found in nature in two different states. It is some- 
times in lar^e amorphous masses, brawn nearly black, which soil the 
fingers with a ohocoial«-brown powder. It has such a low density, that 
it is frequently called Cork Manganese. It is easily cut with a knife, but 
can hardly be pulverized with a pestle, for it shows a certain degree of 
dastjoity. It has no lustre. It frequently contains Co, and is then 
called Earthy Cobalt. Sometimes it contains flu. It is often very light 
and soils the finders. Its color is a dull bluish or brownish-black, or 
reddish-brown. H,=0.5-6. «.=3-4.26. Ooraposition, fln Hn 79.12, 
O 8.82, Sa 1.4, 1110.06. 

Pj-r. &c. B. P. Acts like Psilomelane, the varieties containing 
Oo or Cn react tor these metals. Treated with HOI, gives off CI. 

It may sometimes be found as a eoooretion. It seems to have been a 
muddy deposit, which has afterwards become dry, for the masses are 
usually very much cracked. When it is found in large masses it can 
be profitably used in commerce, for it is easily soluble and gives off a 
great deal of CL In some of the Linionite mines, it is found in a condition 
totally different and has a silvery look. It is then called Silvery Manga- 
nese. It is found on the surfaces of the ore, as a vehety covering, with 
almost a metallic lustre. With the glass, little soft elastic scales of very 
thin Wad ace distinctly seen. la some localities the one passes into the 
other, and the entire mass is then compact, with traces of a silvery lustre. 
It is used for making 01, but is too impure to make oxygen. It is some- 
times used as a p^nt. It is found abundantiy in N. T. and N. H. 

Distinction bbtveen (be Oxides of Makqinese. — These oxides of ^Mangan- 
ese are very difficult to distinguish with the blowpipe, as they all g'ive 
the same violet bead with fluxes. Manganite is distinguished by giving 
off water, from Braunite, Hauamannite and Pyrolusite. Wad is distin- 
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guished especially by iU lightness ; for all the otiers, the. beat distinotiona 
we taken from the color of tlieir streaks. 

HAUSMANHnE. — Acute octaliedra with plane faces ; traces of cleavage ; 
streak broivnish-rcd. 

Bhaunitb. — Octahedra, cuired faces without cleavage ; granular with a 
bluish-black color ; streak, brown. 

Ptrohisite. — Tender ; stains paper black. 

Manganfte. — Black, with no bluish color; fracture granular; streak, 
brown. Hardness greater than the others; gives off water. 

Wad. — Light ; soils the fingers chocolate-brown and gives off water. 

The only remdning oxide is PsiLOMBtANE which has no very distinct 
characters. It is generally necessary to make a chernical test for Ba, by 
treating with HCl and then with S. Its hardness is generally greater 
than that of the other oxides. 

Alabandlte, MnS. Isombtkic, 

Syn. — Alabandine, Manganblende, Manganese sulfarS. 

It is sometimes found in nature in cubes and octahedra and in ciystal- 
line masses which are lamellar and have an easy cubical cleavage, but crys- 
tals are quite rare. Its fracture is uneven. In its fresh fractures, it has a 
metallic lustce with an iron-gray color. It beconiea tarnished black or 
brown in the «r. The streak is a characteristic green. H.=3.5-4. G. 
=3.95-4.04. Composition, Hn 63.3, 8 36.7. 

Pyr. &c. B. P. In an open tube, gives S ; is fusible with diffi- 
culty on the edges; In 0. P., it is hardly roasted, hut after the roasting, 
during which some 8 is ^ven off, the red oxide of Mn gives Mn reactions. 
With soda and nitre it gives a green color ; with borax, a violet glass. 
Soluble in dilute 'St, giving off H8. 

It is a very rare mineral and is found in a semi-crystalline state, associa- 
ted with other minerals of Mn, the silicate andcarbonate. The Alabandite 
is deposited in gray veins or patches through the latter, which gives it ape- 
culiar look. This is one of the empirical means of distinguishing it. 

Trlplite. S'^+E' F, Oethokeombic, 
Syn. — Eisenapatit^ Eisonpeohorz, Zwiesalit, Manganese phospliate. 
.This is the usual phosphate of manganese. Cleavage unequal in three 
directions, perpendicular to each other. Fracture, small conchoidal, In 
the fresh fractures, it is of a violet color, which is often intense, but as soon 
as it is exposed to the air, it becomes black or dark-brown. It is alwaja 
opaque. The fracture and the lustre are resinous, especially in tie varie- 
ties which have been altered and which do not show much cleavage. 
Opaque. Streak, yeliowish-gray or brown. Very fragile. H.=4-5.5. 
G.=3.44-3.8. Composition, I* 32.8, i'e 31.9, Sn 32.6, Ca 3.2. The ft 
of this formola is ts and Sin; the R is Ca, Mg, Fe. 

Pyr, &e. B. P. Fuses eiisily at l.S to a black magnetic globule. 
Gives the reactions foe chromium, iron and phosphoric acid. With Sgives 
HFl. Soluble in HOI. 

The phosphates of manganese are the products of a more or less ad- 
vanced decomposition. They are always impure and contain a more or 
less amount of iron. Its resinous lustre is characteristic, which, joined to 
the brownish-black color, allows it to be immediately distinguished. 
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Only one substance, Uraninite, lias this color with the resijions lustre, bat 
it is easily distinguislied by its density, which ia above 6.5, while that of 
Triplite is about i. 

Rliodocliroiite, &n C Hesaoonal. 



It crystallizes in rhombohedra of 106° 51', frequently with curved 
faces. It has a rhombohedral cleavage, whieh is soinetimes curved, but 
it )3 not easy. The crystals aie usually very small, and the usual one 
shown is the rhombohedron.' They aro generally grouped and inter.- 
penetrated one with the other, making spherical mamelons, and forming 
a, coating on * gimgue, which is usually Barite or Quartz. On these 
coatings the points of crystals are sometimes seen, which have a velvety 
lustre. The fracture of these little mamelons is semi-lamellar or fibrous. 
The fracture is ordinarily uneven, sometimes fibrous aud rarely compact. 
It is quite brittle. Lustre, vitreous or pearly on the fracture, Tnmslu- 
cent Opaque. Its eoloK are rose, which may be more or less dark, 
yellowish-gray, dark red or brown. Streak, white. H.=:3.5-4.5. «,= 
3.4r-3.7. Composition, G 38.6, Sin 61.4. It is rarely ever pure, and 
usually contains Ca and flg. 

Pyr. &c. B. P. Decrepitates a little, becomes black and is infu- 
sible if it is pure. When it contains silica, it soiiietinies fuses slightly. 
It effervesces easily with acids, but not as easily as Caloite, as it must bo 
heated a little. 

Sometimes it occurs as au imperfect coating, which is pulveru- 
lent and earthy, slightly colored, and generally mixed. with Oalcite. 
The lamellar masses resemble Calcite, but the color and density 
distinguish it. It is often mixed with Siderite, Magnesile or Dolomite. 
It decomposes on exposure like the silicate, and is then covered with 
black spots of the different oxides, or of the sulphide, which is easy to 
dctetmme by the color of the strealc It is found iu Vermoat, Massachu- 
setts, New York and elsewhere. 

COBALT. 
Kiinneeite. 2 Co S+Co 8'. Isometric. 



It has an imperfect cubical cleavage. The ordinary form of tlie crys- 
tals is the oetaliedron, which, with the cube, always has plane faces. 
Its forms are usually holohedraL The fracture is unequal, Lustre, 
metallic. The color ia gray, with a slight rosy tint, but becomes red by 
tarnish. Streak, blaokish-gray. H.=5.5 fti.=4.8-5. Composition, 
84.2, Co 58. 

Pyr. Jkc, B. P, In O. F., it is roasted, but does ndt show any 
traces of As or Sb. In the R. F., it gives a magnetic residue, and. with 
fluxes the reactions for Co. It is inaoKiblein the uon-osidiztng acids, but 
in H it is dissolved, giving a rose-colored liquid and deposit of sulphur. 

It is sometimes accompanied by other minerals of cobalt, or associated 
with a gangue. It has been found at Mine la Motte, in Missouri, and at 



Kinera! Hill, Maryland. 



! OnVSTALS. 



PI XXV. 

Fig. 7. 0. Mff. 8. O. CoOco; the most frequent form. 
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Bieberite. (Co,3fife) 3 + 7 fi. Momoclinio, 

Sth,— Cobalt Vitriol, Bed Vitriol, Kobaltvitriol, Cobalt suItatiS, 

It is usually found aa a product of the alteration of Smallite. It U a 

very incoherent mass with a styptic tast^ and is generally found as a 

iiulverulent coating. It uaoally contains Pe S. Lustre, vitreous. Trans- 
acent Color, flesh and rose-red. «.=1.934. Composition, S 28.4, 
Co 3.5,5. a 46.1. 

Pyr, A;c. B. P. Yields S and at a high heat, 9. Gives the reac- 
tions for Co. It is rather a product of decomposition than a mineral. 

Smaltite. {Co, Fe, Ni) As'. IsoMBrmc, 

Stn. — Smaltine, Chloanthite, SpeiskobiJt, Cobalt arsenical. 

It occurs in crystals, the dominant forcQ of which is generally tlie cube, 
but it always has octahedral faoeswhich are convex, while those of Linnse- 
ite are plane. It is also found massive, with various imitative shapes. 
Tlie cleavage is distinct, parallel to tho octahedron and in traces, parallel 
to the cube. Lustre, metallic. Fracture, granular and uneven. Color, 
generally a silver or tin-white, sometimes iridescent or grayish from 
tarnish. Streak, grayish-black. II.=5.5-6. G.-6.4-7.2. Composi- 
tion, Ab 72,1, Oo 9.4, Ni 9.5, Fe 9.0. 

Pyr. &c. B." P. On Ch,, it gives As, and fuses to a globule. In a 
tube, it gives an arsenic mirror. With the fluxes, it affords the reactions 
for Co, Fe, and Ni. It is not attacked by the non-oxidiaing acids. 

The slightly cryst^ne masses usually have a reticulated structure. It 
is also found m amorphous masses of a steel-gray color. It is sometimes 
covered with a green coating, which results from Uie nickel that it containa 
It is also found in masses, which have a semi-granular or semi-lamellar 
fracture. There is a great resemblance between these masses, Lincajite 
and Native Bismuth ; but Linnseite is less lamellar and does not give off 
As; Bismuth is redder and cleaves in tliree directions and has a lamellar 
fracture. From Arsenopyrite and Leucopjrite, it can be easily distinguish- 
ed by the crystalline form and blowpipe reactions. 

It has been found in the U, S., at Chatham, Ct. It is used for making 
smalt; hence its name. 



Fl. XSY. 

J^. 9. ooOa>. ; the most usual form I'g 10 ccOco ooO 

Coballite. Co(S, As) I 
8yh. — Cobaltine, Kobaltglana, Glanzk 1 It, C b It g 
Tlie form of the crystals is the same astbtfPyto dt n 

the same combinations, It shows the hem 1 \ y f p rail If t 

crystals, which are well defined and which ts 1 m d f 

rence. It has a cleavage, parallel to the e b tl t ss t 

always lamellar. The crystals are frequently I h d 1 b t th y Iw y 
have the faces of the hemi-tetrahexahedron Th f f th b 

usually striated as in Pyrite, but those of th t h d th Th 

hemihedry distinguishes it from Linmeite, ■nl I h ti m m t II 

lustre, but which is holohedral. It has the m f m I as Ars py t 
but is not isomorphous with it^ although it 1 y t m ir 
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Lustre, metallic. Fracture, uneven. Color, silver- white, often, a little 
rosy and also grayiah, if much iron is present. Streali, grajish-blaek. 
H.=5.5, Ci.=6-63. Oomposition, As 46,2, Co 35. 5, S 19.3. 

Pyr. 4cc. B. P. In a closed tube is uoaltered j but in an open 
tube gives S and a crystalline sublimate of Xa. On Ch,, affords fumes of 
S and As and fuses to a magnetic globule. WiOi the fluxes gives the re- 
aclions for Oo, Ni and Fe. It is soluble in warm !&, giving a rose-colored 
liquid and depositing 5s and S. It is used in th.e manulaotura of smalt 
and for painting porcelain. 



PI XXV. 
co02 
ii^. 11. 2 '• coOcc; the most usual and characteristic form. 

O502 
Jiff. 12. 0. -~^- ^3- 13. The same, with the two forms equally 

Co0 2 
carried out; also a characteristic form. Mg. 14. ~~2~- *^- -^%- 15. 

ooOco O Q'Q^ ^1^ 20^ 
2 ■ 2 ■ 2 ' 

Erftbrite, Co'Ss+8fi. MosocLiKia 
Stn. — Erythrine, Cobalt Bioom, Kobaltblxithe, Cobalt araeaiatS. 

It has an easy cleavage, parallel to the clinopinacoid and is isomorplious 
with Yivianite, "Lustre on the clinopinacoid, pearly, on the other faces 
adamantine, also dull or earthy. Transparent, b-anslucent. It has a 
Tiolet-rose color which is entirely characteristic, sometimes having the 
color of peach blossoms; sometimes greenish-gray. Streak, a little paler 
than the color. These small crystals are frequently grouped in such a way 
as to give the mineral a velvety appearance. The crystals are always 
very small. B.=1.5-2.6. G.==2.948. Composition, Ss 38.43. Co 
37.55, H 34.02. 

Pyr. &c, B, P. In a closed tube it loses water, and from a rose 
color passes to a dark Tiolet. In B. P., it gives off As. In acids, it dis- 
solves without effervescence and without residue. Generally it is a rosy 
efflorescence on other minerals of cobalt. It often colors otlier minerals ; 
it requires only 1 or 2 jS to give a decided color. 

Reniingtoiiite, Co C+Ai} 

This is the same carbonate which is obtained in the laboratories. It 
colors certain limestones, in which it enters to the extent of 4 to 5^- 
This same color may bo produced by Erythrite. The difference is dim- 
cult to distinguish by the eye, but can be distinguished by the blowpipe. 
It is soluble in HCl, and gives decided reactions for iron. Cobalt is dis- 
tinguished by the borax bead. Generally the specimens are nothing but 
Ar^onitg slightly colored. 

It resembles Kermesite, but this volatilizes entirely before the blowpipe. 
It resembles some varieties of Cuprite, but is distinguished by the reac- 
tions with borax. It has been found at Pinksbui^, Md., at Chatham, 
Conn., and Mine la Motte, Missouri. 
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milerite, Ni B. Hexaoohal. 
Syn. — Capiilary Pyrites, Haarkies, Sohwefelaickel, Nickel sulfutfi. 

It is geaerally cryataHiaed and perfectly pure. It has traces of a 
rhombohedral cleavii^e, which is generally almost impossible to deter- 
mine, on account of the very small size of the crystals. Ita lustre is 
metallia Color, brass-yellow and often with an iridescent tarnish. 
Streak, bright. H.=3-3.5. G.=4.6 - 5.65. Composition, Hi 64.9, 
S 35.1. 

Pyr. &c. B. P, In an open tube it gives sulphurous fumes; onCh., 
after roasting in 0. F., it gives in R. P. a magnetic globule. It is attacked 
by the non-oxidizing acids and gives the green color of nickel. 

It can readily be distinguished from Pyrite by the disposition of its 
crystals, which are always capillary, sometimes extended on the gangue, 
and sometimes adhering by one extremity only and diverging. It is fre- 
quently called Capillary Pyrites. It is found with other metallic sul- 
phides, Pyrite, Tetrahedrite and specially with Pyrrhotite, in which it 
appears to replace a portion of the Fe 8, and is one of the principal ores of 
nicKcL To be certaia of the presence of nickel, the mineral must first be 
roasted, and tiien fused with borax or S.Ph. If there is no nickel, the 
result is a yeliow glass not very highly colored ; when there is, the glaaa 
is violet in the oxidizing flame, and gray in the reducing flame. It is 
found in capillary fibers at Antwerp, Jefferson County, N. Y., and in coat- 
ings of a radiated structure liiving a tufled appearance, at the Gap mine. 



Siccolitc, Ni As. IIexagonai. 
SiTJ,— Copper Nickel, Kupfemickel, Eothnickolkies, Nickeline, 

Crystals are exceedingly rare ; it is usually found amorphous. On tbo 
fresh fracture the lustre is bright and raelallic, but the surfaces become 
tarnished by exposure. They are often co>'ered with a greenish coating of 
Annabergite, which can be used as an empirical character for distinguish- 
ing itL ft is always opaque. Its color is a light copper-red, which is 
quite characteristic. The intensity of the color, however, is variable and 
is subject to tarnish; those specimeas which contain antimony are much 
darker, while those containing arsenic are paler. Streak, pale brownish- 
black. H.=5-5.5. e.=7.33-7.671. Composition, Ni 44,1, As 55.9, 

Ni As must be regarded as a general formula, for Niceolite is one of the 
hybrid species, in which arsenic and antimony replace each other, as the 
mmera! may contain one atom of both together, or one atom of only one 
combined with one atom of nickel. 

Pyr. &c. B, P. On Ch., it gives off a garlic odor with white 
vapors, if it contains arsenic; when antimony alone is present which ia 
very rare, there is only a coating of antimony without any odor It s 
soluble in aqua regia. 

The copper-colored mineral is often associated with a tin-wl te m n al 
which is Eammelsbergite, Ni As^ This is one of its most cha te st o 
associations. The color might cause it to be mistaken for metall cb m th 
which, however, is almost always crystalline, and has a density about 9 
It is found at Chatliam, Conn, 
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inimaunito. Ni (S, As, Sb)'. Isc 



It IS another of the hybrid species, in which Ni, Co, Mn, Fe, As, Sb and 
S may replace each other in every proportion. It has traces of a cubical 
cleavage. It is sometimes found in crystals ; they are generally rounded 
cubes, on which octahedral faces are sometimes seen, which also are 
rounded. On the Fresh fractures it has a metallic lustre and a tin-gray 
color, which however becomes dull. The natural surfaces are almost 
always altered and are covered with a greenish or reddish coating, which is 
an araenite of nickel or cobalt. 

Pyr. Ace. B, P. Heated in a tube, it gives the orange-oolored 
coating of As S and a black mirror of As or Sb. On Oh., it gives off 
white vapors of As and Sb and is then reduced to a magnetic cinder. 
" d by fl and gives a green solution with separatiou of sulphur, 

etimea found in reticulated masses, which are frequently full of 
hollows. It is sometimes in masses of irregular structure, which resem- 
bles Areenopyrite, from which it is distinguished by its density as well aa 
by its fracture, which is irregular, while liiat of Arsenopyrite is lamellar. 
A chemical test, however, is always safest. 

Aiiiiabergite. Si' Zs+S S. Honoclinio. 
SvM. — Nickel Ochre, iJiekeloker, Nickel arseniate. 

It is isomorphous with Brythrite. It is an accidental product and is 
found on other minerals of nickel, as a greenish efflorescence, with a 
color which is more or less intecse. The pale varieties are usually mixed 
with free Ss. When they are treated with boiling water, the intense 
green color of the mineral becomes evident. Streak, greenish-white. 
Composition, Si 37.2. Is 38.6, S 24.2. 

Pyp. &c. B, P. In a closed tube gives off water. Puses easily 
and gives a metallic globule, which gives the reactions for Ni. It is soluble 

It might be confounded with some of the ores of copper, but is 
distinguished by its chemical chai'acters. This is soluble in acids with the 
oharactoristio colors of NI It has been found at Chatham, Gt, 
ZaraUte. Si 0-1-2 *i fl+4 S. 
Syk.— Texasita, Emerald Nickel, Niokelsmaragd. 
It is found as a crust, which is sometimes mamelonated. It has a vitre- 
ous lustre. Transparent to translucent. Color, emerald-green. Streak, 
Saler than color. H.=3-3.25. C =2.57-2.693. Composition^ Si 59.4, 
!11.7, S28.9. 

Pyr. &K. B. P. In a closed tube yields S and O; infusible, gives 
the reactions for niekei. Soluble with effervescence in dilute HOI, when 
heated. It is quite rare, except at Texas, Pa., where it is found in Ser- 
pentine, associated with Magnesite and Dolomite. 
ZISC. 
ZInctte. 2n. HKiAOoNAT.. 
Stn. — Red Zinc Ore, Eothzinkerz, Zinc oxydS. 
It is the same oxide which is produced in the laboratories and in 
metallurgical operations. It is red, however, owing to the presence of a 
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certain proportion of the oxide of manganese, ■whicti is always mixed 
■with it, probably as Sta, It is always found as cryBtalUne masses, having 
cleavages parallel to the hexagonal prism, and another very easy one, 
parallel to the base, so that the masses are always lamellar, cracked and 
striated. In the fracture it has a bright, almost adnman^ne, lustre, and is 
translucent on the edges. Its color is characteristic, it is a dark orange- 
red, goraewhat brown. Streak, orange-yellow, H.=4-4.5. .©.=5.43- 
5.7. Compo^tion, Zn 80.26, 19.74. 

I^r. &G. B. P. Heated in a closed tube bleaches, but resumes 
its coloron cooling. Infusible. In the B, P., gives metallic zinc, which 
volatilizes, oxidizes, and forms a white ring. Gives a green color with 
nitrate of cobalt. Shows the reactions for manganese. Soluble in acids. 

It resembles somewhat red Stilbite, hut is distinguished by its infusibiljty 
and its associations. It is used as an ore of zinc. It is found in masses 
in limestone at Franklin, N. J. It is also found associated with Frankli- 
nite at the same place, 

Sphalerite. Zq 8. Isometbio. 

SvN. — Blende, Black Jack, Zinkblende, Zinc sulfuriS. 

It is found crystallized, lamellar, compact and concretionary. The 
crystals are usually disseminated in a gangne, or united, to form large 
crystalline masses which are always more or less lamellar, The crystals 
show the hemi-tetragoual trisoetahedron, or the tetrahedron and cube ; 
it is tisualiy found as a rhombic dodecahedron. The simple forms of 
Sphalerite are relatively rare. They are usually composite forms resulting 
from complicated laws of derivation, and, what renders them even more 
complex, they are often macled and bemitrope. One of the most 
frequent of these results from the hemitropy of the combination of the 
rhombic dodecahedron, and the tetragon^ tris-octahedron producing a 
figure of 2i faces, 12 of which are triangular belonging to the tetragonal 
trisoctahedron, and 12 tetragonal, PL XXv. J^. 24. It shows the hemiho- 
dry of inclined faces, giving generally tetrahedral forms. It has as easy 
cleavage parallel to rhombic dodecahedron, and a difficult one parallel to 
the octahedron. Fracture, conchoidal, Its lustre is very bright In the 
clear varieties it is sometimes adamantine, and in the dark varieties it is 
almost metallic ; sometimes it is resinous. Its colors are very variable, it 
is rarely colorless, but is generally honey-yellow, brown, black, red and 
green. When pure it is generally white or yellow. The variation in the 
color corresponds to a want of homogeneity in composition. The yellow 
variety sometimes contain cadmiurd, and all contain a very variable propor- 
tion of iron. Whatever may be its color, its streak is white or reddish- 
brown. H.=3.5-i. C=3.9-4.2. Composition, Zn 67.0, S 33.0. 

PfT. &c, B, p. Infusible, In O. F. it gives off sulphurous 
vapors and often a cadmium coating. The roasting is long and difficult, and 
after it, ia the E. F, it gives a coat of Zn which is yellow when hot, and 
white when cold. Soluble a HCI W th iff very little red vapor is given 
ofi", but much H S. 

It is also found in lamellar mj e fee ly crystallized masses, which may 
have every variety of oolo These m sses are sometimes lamellar and 
sometimes saccharoidal. The da k a eties may sometimes resemble 
Garnet, Vesuvianite and Cas te te 1 ut ts density about 4, and the blow- 
pipe reactions distinguish t When t is concretionary it is in spheroidal 
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masses radiated and with a, fibrous fracture. These masses may be large or 
Bmall and show rings of color. The fracture, where the mitHses are small, 
is usually compact. It might resemble in this state Barite, Celestite, 
Siderite or Apatite, but is easily distinguished by acids and the blowpipe. 
_ It is found also with an entirely compact fracture resulting from a par- 
tial decomposition of the aaccharoidal variety. These generdly ehow some 
flcales, and their fracture and the blowpipe distinguishes them. Some of 
the dark varieties resemble Cassiterite, and certain kinds of Garnet, but it 
is distinguished both by its cleavage and hardness. It is one , of the 
most abundant ores of zinc. It is found in many places in the U. S. 

VOBMULJB OP TBK OKYSTALS. 

PtXXV. 

o 

lig. 16. -jf'~T' -^ff- 1^- -3- -^O- -^- 18. coOoo. 
00 02. Ml/. 19. Two octahedra iaterpenetrating. Mg, 20, Twin 
crystal; composilJon-faoe 0. ^. 21, coO, showing tlio twin plane. 

303 
Mg. 22. Hemitrope from the preceding. Fig. 23. Co 0. 0, — ^■ 

303 
CO 00. J^j;. 24. 00 0. ~~ n ~ i a characteristic form. Fig. 25, 

Hemitrope from the preceding. ^3.26. coO, shortened in the direc- 
tion of the diagonal of the faces. Fig. 27. The same, lengthened. 

Guilarite. 2nS+7fi. Okthohhombic, 
Stn.— White Vitriol, Zinc Vitriol, "White Copperas, Zinc sulfate. 

Crystallizes as a right rhombic prism of 90° 42'. It has a cleavage 
parallel to the macropinaooid. Lustre, vitreous. Transparent, translu- 
aent. Color, white, reddish or bluish. Streak, white. H=2-2.5, G.= 
2.036. Composition, Zn 28.2, 8 27.9, fi 43.9. 

Pyr. &C, B. P. In a closed tube jyields water. Gives the reac- 
tion for zinc and sulphur; easily soluble in water. 

It is found as an efflorescence, or as an accidental product of decomposi- 
tion of Sphalerite in certain mines. 

Smlthsonite, Za C, Hexagonal. 
Sys. — Dry-bone, Zinkspath, Kapnit, 

It ia found in rhomboliedra of 107° 40', with a very easy rhombohedral 
cleavage, which gives it a lamellar structure. The crystals are sometimes 
the primitive rhombohedron and sometimes scaleaohedra. In (his last 
cage, the crystals are usually very email and cover the amoiphous variety, 
They are frequently covered with a coating which may be blackish or 
pure white. The rhombohedral crystals are usually much longer and have 
curved faces and a vitreous lustre, which ia aometimee resinous, or even ad- 
amantine, lis fracture is uneven. Color, white, green, yellow or brown. 
Streak, white. H.=5. C.=4r-4.5. Composition, 2n 64,8, fi 35.2. 

Pyr. &c. B. P. In a closed tube loses 0. Infiisible. On Oh., 
with soda gives vapors which are yellow while hot, white when cold, It 
is soluble in acids with effervescence, which however ia slow; the acid 
must be heated to produce it. 
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It ia variously cclored by foreign substanoes. In copper localities it ia 
green. The blonde vai-ieliea are usually colored with iron or manga- 
nese. The stalactites, which are white, usually contain lime or magnesia. 
The conoretjoiiary masses have usually a etalaetitic eirueture, ocourtina; in 
litde mantelons, EOntetimes covered with the points of crystals. Their 
lustre is generally feeble, hut is sometimes ritreoua. The fracture of 
ttese masses is sometimes lamellar or scaly, very rarely fibrous. They are 
sometimes compact and have the appearance of calcareous concretions. 
It ia found amorphous and earthy, having the appearance of a coarse lime- 
stone, but its density and the blowpipe dtatinguish it. It is also found as a 
white arborescent, compact maas. It often I'esembles Siderite and the com- 
pounds of baryta and strontia, but is distinguished by tlie blowpipe. It is 
also distinguished from Sphalerite, Willemite and Cfdamine by its acdon 
with acids. It is much harder than any of the carbonates, with whicli it 
might be confounded by its form and color. 

It is found in lai^e quantities in Missouri, Iowa, Wiaconain andTennes- 

Hydrozinritc. 2n 0+2 Zri It. 

8ts. — Zino Bloom, Earthy Calamine, Zinkbliithe, Zinconise, Mariouite. 

It is never crystalliaed. It is white and has a dull, earthy lustre. 
Sometimes when it has just been taken from the mine, it is translucent, 
but it quickly becomes opaque. It usually forms a series of white coat- 
ings, with vacant spaces between each bed, which is irregular and bent. 
It is sometimes found in balls, having the same disposition in concentric 
layers. Its streak is shining. H.=3 — 2.5. G.=3.58-3.8. Composi- 
tion, 2a 75.3, C 13.6. H ll.i; 

Pyr. &c. B. P. Heated in a tube, it gives off water and becomes 
yellow, but turns white a^ain on cooling. It is reduced with soda on 
charcoal, tlie zinc is volatrnzed, burned and deposited as oxide. Acids 
dissolve it easily with effervescence. 

This minerd was formerly considered as an accidental product in other 

ores of zinc. Within a few yeara, however, it has been found in very 

large masses in 8pain, and is a real mineral of zinc. It has been found 

iu Pennsylvania, Wisconsin and Arkansas. 

TIN. 

CaisLterite. Sn. Tetragonal. 

Sys.—Tin Stone, Stream Tin, Zinnstein, Zinnerz, ittain oxide. 

Sunple crystals are usually rare, but are found with the forms, Pi, XXVI. 
^g. 1-5. Generally the crystals are macled around a plane parallel to 
the octahedron of the second order, P co. This may Ube place on the 
prism or on the octahedron. These maeles show re-entrant angles and 
are often called tin bea&a (beoa d'etain.) Sometimes these maeles occur 
several times, and give rise to geniculated crystala, Mgs. 9-11. The 
priams are striated and cylindrical, while the faces of octahedra are 
smooth and polished. Each locality has forma peculiar to it, so that 
generally the crystals from the same place can be recognized by their form. 
Cassitecite is isomorphous with Entile. It ia trimorphous. If Sn is pre- 
pared m the laboratory by tlie action of water on the chloride or fluoride 
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of tin, different forma are obtained according to the salt which, is used. 
Both of these forma differ from the Cassiterito of nature. It has 
cleBvages which are very distinct, parallel to both prisms. The frax^- 
turo is ordinarily unequal, sometimes conohoidal, rarely lamellar. Lustre, 
adamantiue. Transparent, opaque. The colors of Oassiterito are very 
variable. It is found exceptionally colorless and tiansparent, in a few 
localities. Generally its oolor ia every gradaljon, intermediate between 
blonde and blaok, owing to mixtures with iron. Sometimes, it is red, 
gray, wliite or yellow, Tke color is usually not equally diffused in the 
mass or tlie crystal, but is generally in bands. Streak, white, grayish or 
brownish, II.=6-7. Oi=6.4-7.1. Composition, Sn 78.67, 21.23. 

Pyr. &c. B. I". Infusible. In B. P., it is reduced with difficult', 
but soda fscilitaies the reduction. With borax, it molts easily and the Sn 
becomes the base of an enamel The glass is opaline and white, some- 
times somewhat yellow when hot, on account of the presence of a little 
iron. It is only slightly acted upon by acids. 

It ia also found concretionary in zones of different colors, but it is easily 
distinguished by its density, which ia between 6 and 7; and its hardness 
diatingrtishes it from Sphalerite and Barite, which it frequently resembles. 
It is found in rolled pebbles with different bands of colors, and is then, 
called Wood Tio. It is distinguished hy its hardness and its density. It 
may become substituted by pseudomorphism for certain cmtala, especially 
for those of Orlhoclase, which are hemitrope and half interpenetrated 
and which are found in the Trachytes. It is, however, only a kind of 
moulding, the eause of which is unknown. The Feldspar appears first to 
become day, and tlie clay to be replaced by tin, without any perceptible 
ohange in the form of the crystal. It is recognized by its density, which 
^o distinguishes it from Tesuvianite, some varieties of Garnet and Tour- 
maline, which it frequently resembles in form, lustre and color. From 
Sphalerite, it is distinguished by its blowpipe reactions and its hardness, 
It has been found in the IT. 8. at Lyme and Jackson, N. H. 

FORMULA OP THE CRTSTALS. 

Fl. XXVI, 
Fig. L coP. P; P sometimes predominates, Mg. 2. ooP. P. 
CO Poo; also pyramidal as in Mg. 15. Mg. 3. The preceding, with 
Pco. Mg. 4. 'coP. OpPJ, 3Pf. P. P co. Fig. 5. 3Pf, P. 
CO P. Mg. 6. Fig. 1 ; showing the twin piano P CO, Mg. 7. Hemi- 
trope from the preceding. Fig. 8, The same, but with the plane in a 
different position. Fiff. 9, Hemitrope of Fig. 3. Fig. 10. Hemitrope 
of Fig. 2. Mg. 11, Trilling, formed by the repetition of the hemitropy. 
Fig: 12. Twin of four individuals. Fig. 13, Hemitrope of a pyramidal 
crystal. Fig. U. The same. Fig. 15, Hemitropeof a pyramidal crystal 
like Mg. 2, Mg 10. Hemitrope of nine individuals. 

Stannite. 2 (Su, Fe, Zn,) S+Sn S". 

Syn.— Tin Pyrites, Bell Meta.1 Ore, Zinnkies, fitaiu suifurS. 

The composition of this substance in not very well defined ; it appears 
to be a aulpiiostaniiide of iron, and copper with a little aino. It has been 
found very rarely with traces of crystaUization and of cleavage. Ita 



,db,Google 



144 LECTITRES ON MIKERALOGT. 

lustre is metallic. Fracture, uneven. Opaque. Its color is steel-gray, 
iron-blacic or dark green, rather brownish from tarnisb. Its streak is 
black. H.=4. G.=4.3-4.522. Compoaition, Sn 37J2, On 29.3, Fe 
6.5, Zn 7.5, S 29.6. 

It is a very rare mineral, and haa no resemblance to any other, except 
to the different Pyrites, fium which it h distinguished by the action of 
nitric acid. TITASIIIM. 

Rntlle. 'Ti. Tetraoona]^. 
Syk. — Nigrine, Ilnieiiorutile, Titane osydi5. 

Rutile is isomorphous with Cassiterite; it is crystalliaed in the same 
system, and has the same relation Uj its modilications, and the same cleav- 
ages. It generally haa a lamellar appearance. The simple crystals are 
sometimes octahedra, with plane faces and sometimes prisms which are 
striated and dull, also frequently macled. The crystals are like those of Cas- 
siterite, showing genioulated forma, which are frequently turned in two or 
three directions,^*. 2-7. The color varies from reddish-yellow ta brown, 
always preserving a reddish tint ; sometimes bluish, violet or green. In 
thin plates by reflection it is brownish blood-red. Its fracture is eonchoi- 
dal across the crystal, and lamellar parallel to it Lustre, metallic, adaman- 
tine. Translucent, opaque. H.=6-6.5. 0.=4.18-4.23. Composition, 
Ti 61, 39. 

Pyr. ike. B, P. It is infusible andglves with fluxes the reactions 
for Ti. With borax and S.Ph., it dissolves, giving in the 0. F. a glass 
colorless when hot, and amethyst-violet when cold. It is not acted on by 
ordinary acids, but after fusion with alkaline carbonates, the acid solution 
boiled with tin foil gives a violet color. 

Besides its crystallized varieties, it is often found as a mass gai 

and then somewhat resembles Vesuvianit*. When the den ty t 

be taken into account, the color, the nature of the gangue a d f d 
be, a chemical examination will distinguish it. It is found b 11 y 
and acicular crystals; these may be fine needles enveloped i a g g 
which is often perfectly clear crystallized Quarta, which prov th t th 
Quartz was formed after the Butile and with sufficient slow es n t t 
disarrange the general arrangement of the crystals. Thes ac lar 
crystals are often very flue. Sometimes these crystals are ret 1 ted n 
the surface of a gangue. In some localities, especially at Mt. Bl m 
Dolomite, tliSy affect a peculiar disposition. It is a kind of t fa 

yellowish changeable color made up of aeicular crystals, which f h w 
geniculations like tlie large crystals and are sometimes woven together. 

Under the name of Nigdne a black Entile is described, which contains 
lifi of iron; it is never crystallized, hut shows traces of cleavage. Its 
Btteak is yellowish-brown. Its infosibili^ distinguishes it from Tourma- 
line, Tesuvianite and Pyroxene. From Cassiterite, by giving no metal 
with Eoda. It is found in very largo crystals in Pennsylvania and Georgia. 

Titanic acid is found in nature in three different states and with three dif- 
ferent forms. It is therefore trimorphous. In one of these forms it i^ 
isomorphous with Cassiterite, which under certain circumstances appears 
also to bo trimorphous. Titanic acid is always found in one of these 
forms; two of which, Rutile and Octahedrite, are tetragonal, but with 
different dimensions. The third, Brookite, is orthorhombic 
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FOnMUIi^ OF THE ORYSTAia, 

PI SSTII. 

Mg.l. ccP. coPcD. odP3. p. Pco. P3. 3P|. Mg. 2. 
Hemitrope; compositioa-face P co. Combination, co P, 3. P. 
Mf/. 3, Hemitrope, witli. two genicutations, Mg. 4. Twin crystal^ 
t^ff. 5. Twin, resembling an hexagonal prism and formed bj the meet- 
ing of the extremities of the geniculated crystals. My. G. Hemitrope ; 
composition-face P ex. Fig. 7. Hemitrope. 

Octahedrito. Ti. Tetragonal, 
Stk. — Anataae, Danphinite, Oisanite. 

The forms and dimensions of the crystals are different from those of 
Eutile. It has an easy eleavage parallel to the base, and olhers more 
difflculf, parallel to the octahedron. It is always crystallized. In crystals 
it shows two different types. From Dauphiay it is found in acute oct«- 
hedra, which Bometiaies show a base. These crystais are found on 
Dioryte, and are accompanied by Albite and Asbestus. From Brazil, 
however, the base predominates; the crystals are very much flattened, 
and show the octahedron and dioctahedron. Its colors are very 
variable. In Brazil, in certdn diamond sands,' it is fonad almost ccJorless 
or pale honey-yellow; sometimes it is reddidi-brown, but generally it is 
a characteristic dark brown, which is quite distinctive. It is greenish- 
yellow by transmitted light. In thin scales it is transparent. It is the 
most refriagent of bodies, after the sulphate of mercury, so that its lustre 
ia very bright The lustre ia often hidden in rolled crystals. Its frac- 
ture is lamellar or conchoidal across the crystals. LustrOj metallic or 
adamantine. Transparent, opaque. Streak, colorless. Its chemical 
characters are that of Rutile. Its density which is less, becomes the same 
as Rutile, on being heated. H.=4-5.5. 0.=3.82-3.95, or 4.11-4.16 
after heating. Compo^tion, Ti, 61, O 39. 

PjT. &c. B. P. Same as Rutile. It has been found at Smith- 
field, E. I. 



Fi. xxvn. 

Mg. 8. P. Fig. 9. P. OP. Mff. 10. P. *-P. Fig. II. F. 
XP5. J^. 12. P. ^P. 2 Pod. Fig. 13. P. OP. Pec. coPoo.. 
Fig. 14. OP. P. P CO. 2 P oo. 

Brookfte. 71. Orthorhombio. 
Sys. — Arkansite. 

It is much rarer than Entile. It is ordinarily found in thin plates,, 
which are to bo referred to the right rhombic prism of 99° 60'. The- 
crystala are complex. The faces of the macropinacoid are striated audi 
dull, the others are smooth and lustrous. There is an indistinct cleavage^ 
parallel to the base and prism. Transparent^ opaque. Lustre, metallic,, 
adamantine. Color, brown, yellowish or reddish. Btreak. colorless, gray- 
ish or yellowish.. H.=5.5-6. ©.=4.12-4.23. Composition, Ti 61.0,. 
O 39.0, 

Pyr. Ac, B. P. Same as Rutile. The hardness is less than- 
Eutile, as is also the density, which however becomes the sama^oniheat- 

10 
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ing. It is found at Magnet Cove, Arkansas, and at EllenTiile, Orang( 
Co., N. Y. 



PI XXVII. 

My. 15. CO P. odPos. P2; the usual form of Arkansite. Fig. IC, 

The same, witli coJco predominatiag. J^. 17. coP, CoPoi* 

ca^CP. CoP2. P. iP. 2P. P2. 2P2. JPco. iPco. 25ai. 

OP; from the "Urals. Fig. 13. a; P. coPco. oaf oo. aiP2. P. 

IP. P2. 2P2. iPc». iPco. 3Pco. OP; from ElleaviUe S.T. 

LEAD. 

I<Oad. Pb. laouETKic. 

Stn. — Gediegen Blei, Plorab natif 

It haa been found in. several localities, but is however an accidental 

product, -which is exoeedingly rare. It has been found as globules in 

GiJenite, as filaments or sheets in lava or basalt, or formed by reducing 

agencies on either the sulphide, sulphate or carbonate of lead. When it 

is found on. the outcrops, as in S. A., it is probably owing to fires having 

been kindled upon the vein. It is crysfaliine, and shows its system to be 

isometric. lia lustre is metallic. Color, load-gray ; malleable and ductile. 

H.=1.5. G.=1U45. 

Pyr. See, B, P. Puses easily in the O. P., covering the Ch. with 
a yellow coating; in the E. P. volatilises, 

IHiii!um. H+2 fb. 

Syk. — Mennig) Plomb oxidiS rouge. 

In many localities oxides of lead are found as products of the decoia- 
positJon of G^enite or Cerussite. It is always found as a pulverulent coat- 
ing, on the surface of other ores. Lustre, greasjr or dull. Opaque. Color, 
•very variable ; it is yellow when its composition is near Massicot and 
redder when it approaches Minium; generally it is orange-yellow, which 
is more or less dark. Streak, orange-yellow. H.=2.3. G.=4.6. Oom- 
postion, Pb flO.66, O 9.3i. 

Pyr. &*>. B. P. In the B. F. easily reduced to metallic lead. Its 
most distinguishing character is its color and association with the other 
ores of lead. 

Oalcnite, Pb S. Isometric. 
Sys, — Galena, Bleiglaiiz, Blelschweif, Plomb sulfure. 
It is by far the most important of the ores of lead, the other minerals 
being frei^uently nothing but the produetsof its alteration, Ithasaperfect 
cleavage m tliree directions at right angles to each other, all equally easy. 
It is usually found crystalline or crystallized; the crystals are often very 
laige, the dominant forms being the cube, rhombic dodecahedron and octa- 
hedron. The general form, is the cube and octahedron. The crystals are 
eometimes macled and are usually the cube, maded by hemitropy around a 
normal to the face of the octahedron. More frequently it is found as 
crystalline masses made up by the union of several crystals. The hemi- 
tropy of the cube is Irequently found in these masses and is recognised by 
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the cleavage, which shows two systems of cubes. It sometimes has a 
peculiar look, which is owing to a slight inclination of two Eystems of 
crystals, showing a slight depression, between the two. It is also found 
ineomby masses, formed by alarge number of little crystals. Its fracture is 
ordinarily lamellar or saccharoidaJ, passing sometimes to a granular texture. 
In some particularvarietJesit is entiiely compact, with a smooth, eondioi- 
dal fracture, showing concentric Eonea like some specimens of Silex. It 
has a grayish-blue color. In its fresh fracture it has a metallic lustre, 
which 13 quite bright, but becomes dull on exposure. Streak, lead-gray, 
0.=2.5-2.75. «.=7,a5-7.7r. Composition, Pb 86.0, S 13.4. 

Pyr. &C. B. P. In an open tube gives off S. On Ch., decrepitates, 
and tiien ia 0. F. is roasted, giving off a sulphurous odor and lead fumes, 
which coat the coal at a shoi-t distance from the assay with a yellow ring. 
After being roasted, it gives metallic lead which is malleable. It is soluble 
in acids, giving off US. 

It usually occurs in lamellar or saccliaroidal masses, in which way it 
occurs in nejiriy all the lead mines. It is usually found disseminated in 
Caloite, Quartz, Pluorile or Barite. The lamellie of these masses are 
usuidly Braalt, sometimes plane, sometimes curved, and it can usually be 
seen that they are all arranged in the same general direction. Some- 
times these masses appear to be stratified. When the mineral is quite 
compact its color is much bluer. It is frequently fouDd pseudomorphic, 
replacing crystals of other substances. The most usual pseudomorph is 
after Pyromoi^ihite. Qalenite is the simple sulphide of lead, but is rarely 
ever pure. It alloys itself by mixture wifli a certiuu proportion of sulphide 
of silver, which is isomorphous with it. There is probably no specimen, 
of Galeaite, which does not contain some silver. In some ores the propor- 
tion is very slightj while in .others it is sufficiently large to moke it an 
oi« of silver. It is possible to a certain extent, to judge from external 
characters whether the ore Is rich in silver or not, hut these characters 
are only tijie within certain limita and, if reliance is placed on them es- 
cloMvely, very grave errors will be committed. In every case, recourse 
must be had to an assay for silver, in order to obtain a cle^r, or oven 
approximate idea of the yield of an ore. The Galenites with large 
lamellie, and especially those which are well crystallized, are generally 
poor in silver. Those which show an arborescent structure are often 
argentiferous. Those with small lamellje, especially when their faces are 
curved, and have a granular fracture, and which are nearly compact and of 
a dark blue color, are generalljr rich in silver. The ones which are 
entirely jsompact^ although they differ but little from those described, are 
rarely rich, but usually verypoor. In the stratified Galenites, the glass 
usuaUy shows parts which are lamellar and bluish, having the aspect of 
ordinary Galenite, but near to which there is a cement which is entirely 
compact and of a much whiter color. These parts are not Gdenite, but 
a mineral which has about the same relation to lead, which Tetrahedrite 
bears to copper. It is composed principally of As, 8b, Pb, and other 
metals, and is always more or less argentiferous and is sometimes very 

On account of its lamellar structure, _ Galenita might be sometimes 
mistaken for Stibnite, but is distinguished by being harder and less 
brittle, and by its cleavage in 8 directions, while Slibnile has only one[ 
the blowpipe also distinguishes it. It sometimes resembles Tetrahedrite, 
but ia distinguished by its cleavage and by the absence of copper. At 
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firat sight) Molybdenite resembles Galenite, bat is mucb. softer, and 
lamellar ia one direction only. Its laraellie are flexible. Galenite is 
the most important ore of lead. It is sometimes used for glazing earthen- 
ware. It is found abundantly in the U. 8., in Missouri, Illinois, Wisconsin, 
and also to some extent in N. T. State, but the mines have not generally 
proved profitable. It has been found m many other states, particularly 
in N. 6. But little of tbe Galenite of the eastern part of the tJ. S. is 
argentiferous. Some of the v.eiiis of the other states contaiii enough 
silver to pay for extinction. 



Ft xxvn. 

Fig. 19. CoOco. 0; the moat usual form. Fig. 20. Tlie same, 
with Ihe faces equally developed PI. XXVin. JT? 1. co co. oo 0, K?. 
2. coOco. CoO. 0. Fig. 3. The preceding, with the faces of the 
octahedron larger; a characteristic form. Mg. 4. coOco. ccO. 0, 
JOB-, ^g. 5. ojOco. 20. Mg. 6. 0. coOc». coO. 20; also 
characteristic. Mg. t. Twin crystal; oomposition-faee 0, and flattened 
parallel to the same. 

Boumonite. 3 (Cu,Pb) 8+Sb' S'. OBTnoBnoHmc. 

Syn. — Wheel Ore, liadelerz, Sohwarzspiessglaserz, Antimoine sulSjre 

plumbo-ouprifere. 

The primitive form is a right rhombic prism of 93° 40'. It has an im- 
perfect cleavage parallel to the brachypinacoid. This is probably not a 
cleavage, but a separation of the different c^stals. The simple crystals 
have two types, according as the dominant.form is the prism or made up 
of the pinacoids, but such crystals of Boumonite are rare, as it is almost 
always found as macled crystals. Sometimes the maole is formed of two 
crystals only, but there are generally a large number of simple crystals 
arranged in a perfectly characteristic manner, somewhat resembling a cog 
wheel or pinion. In Brazil it is found in largo crystals which have no 
lustre, but the surface of which is covered with points. It is also found 
in compact masses which, appear to be parts of large crystals, that have 
been prevented from being developed. These can be easily distinguished 
by their fracture and peculiar lustre. They are coveredin some specimens 
with blue or green spots, resulting from a superflciid decomposition of the 
copper. It has a conchoidiJ fracture, whicli is usually smooth. Its lus- 
tre is metallic, and is very bright on the natural faces when they are 
smooth. Upon the fracture thekstre is somewhat resinous, without ceasing 
to be metallic; this, with the nature of the fracture, charafiterizea the 
mineral. Its color and streak are gray, varying froTa iron (o steel-gray. 
It is very brittle. H.=2.5-3. «.=5.7-5.9. Composition, Pb 42.4, 
Oul3.9, Sb25, S19.7. 

Pyr. &c. B, P. In a closed tube decrepitates and ^ves a dark 
red sublimate. On Ch., it is fus ble and gives off Sb, which is condensed, 
in a white ring. In the 0. P, there s formed a yellow ring of Pb, and 
beyond that the antimony coat appears In the E. F., a globuleof copper 
is obtained, which is brittle. There is usiallv an odor of arsenic. De- 
composed by nitric acid. 

It resembles Tetrahedrite, but cai le d stmguished from it by the 
presence of lead. 
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FOUaVhM OP THE 0HV8TALS. 

PI xxvm. 

Mg. a OP. otPco. p. Poi. Fig. 9. OP. o-P. ccPco. 
00 Poo. Pec. Pco. Mi/. 10. 05 Pod. OP. Pod. coPod. ooP; 
lengthened ia the direetiou. of the brachy diagonal Fin. H- coPco. 
oofoo. OP. P. iV. onP. ooP2. ooP2. Poo ^Poo too Fy 
12. Twin crystal ; composition-face w P. Fj lo Wi ell aped 
eiystal, formed by repeated twinning. 

Anglcsito. fb K Orthoobohbio 
Syk. — Bleivitriol, TitrioIbleierE, Plomb sulfiite 

It is isomorphous with Barite^and Oeleslite. The priimt e form i<i a 
right riiombic prism of 103° 48', while tlat of the other mineriU s 104 
and 106'. It has a very easy eleavage parallel to the base and two othera 
parallel to the faceg of the prism. Its crystalline forms are nea iy the 
Game as those of Barite. It occurs also in a combmation of the rl omb c 
octahedron and the prism, in which the octahedron always predom natee 
It is also found macled. The fracture is lamellar or concho dal Lusfie 
odaraarrtiQe, vitreous and resinous. Transparent, tra islucent, o] aq e It 
is generally white, but sometimes black on the surface or tnged n th 
yellow, green or blue. lI.=2.75-3, «,-6.12-6 69 Composition Pb 
73 6, S 20.4, 

Pyr. &c, B, P. Decrepitates and fuses tl t flan e of a a dip 
In the O. v., decrepitates and melts to a transparent 1 e^d w 1 ch 1 e mc 
opaque ^m cooling. In the R, F., intumesoes and then gives the reactions 
for lead, a metallic globule and yellow ring. Concentrated. S dissolves 
it completely. Soluble in 22,816 parts of water. 

It is also found in lamellar mftiisea, which Can be recognized by their 
density, which is about 6, and tbeir adamantine lustre ; also in earthy 
tnasses, whicli are often either conoretionjffy, or made up of Iwds fitting 
into each other. Such masses must be distinguished by their blowpipe 
characters. Its exterior characters ally it with Cerussite, but it ii easily 
distinguished by the action of acids. It flan be distinguished fiom all other 
minerals by its reactions for Pb and S, It ia found associated with Galen- 
ite. The most celebrated locality in the U. S.was formerly Phenixville, 
Pa. 

PlXSNTlL 

Mg.U. cot 2. Pod. i^'j-. 15. ooP2. Pod. cotoo. Mg. 16. 
The preceding, with P and P CD. i^Tp . 17. P ; from Phenixville. Fig. 
18,. P. coP. Fig.lO. QoP. iPoo too F P2 odPcc 

OOP OD. 

Clausthalitc. . Fb Sc Isouetrio 

Srs. — Selenblei, Plomb s^lenmr^ 

It is a selenium Galenite. Nothing in its ext*rnal character Mi ea di= 
tinguishes it from the latter, with which it is nssocnted m ■> very small 
number of metallic deposits. It has tlie same cleaii^e and is foun ! in 
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lamellar masses, wliich hare either large liunellas, or are saccharoidal or 
evengrauular; detached orystalshave not yet been found. Cleavage, cubic. 
Fracture, granular or shining. Lustre, metallic. Opaque. Color lead- 
gray, distinctly bluish, StreaJc, darker than color, H. =2.5-8. G.=7,6- 
-3.8. CorapoMtion, Pb 72.4, 8e 27.6. 

Pyr. Sec, D. P. la a closed tube, it decrepitates. In an open tube, 
gives the odor of selenium. On Oh., fuses readily and gives a strong odor 
of selenium, coating the coal near the assay ^ray, with a reddish border 
(Se), and beyond this yellow (Pb). If pure, it is extremely volatile. 

The distinctive character is its blue color, which approaches to black ; 
but this character is a very delicate one and is difficult to appreciate. In 
reality the externa! aspect cannot determine it and it is indispensable, 
when the presence of this mineral is suspected, to test it. This test is a 
simple treatment before the blowpipe, which in the presence of selenium 
affords a strong and unpleasant odor. 

Pyromorpliito. 3 Pb' 1"+ Pb CI. Hexagonal. 
Syn. — Phosphate of Lead, Griinbleierz, Plomb phosphati?. 

Its usual foim is the hexagonal prism, with traces of a cleavage parallel 
to tlie prism and pyramid. It>is generally cn'stallized as an hexagonal 
prism, which may have a variable number of faces on the edge of the base. 
These crystals are ofXen distorted by the rounding of their faces, or by 
having the base hollow as in the crystals from Phenixville, Pa. The gray 
or colorless varieties, which arenearly^ure, are often found in lar^e striated 
and rounded crystals. The yellow varieties, which contain Ss, are gener- 
ally quite regular. They are, however, somewhat rounded at times. The 
green varieties are usuaUy in small distinct crystals, but are sometimes 
barrel-shaped. This ronndulg takes place on the vertical faces only and 
does not affect the base. In the orange-red varieties, the rounding of the 
vertical faces is even more distinct, so that the crystals are sometimes 
almost spheroidal. This, wiih their color, almost distinguishes them. 
The fracture is conchoidal and smooth. Lustre, resinous. Translucent, 
opaque. The coioi's are very vaiiable, green, yellow, brown or white, and 
aredependent upon the composition. , The varieties which are nearly pure 
phosphate of lead, are generally colorless or grayish, with a slight yellowish 
-tinge. "When they have a color which is more or less green, it is usually 
owing to tlie presence of copper or chromium. The varieties which con- 
twn considerable Xs are yellow. All of these varieties may occur together, 
BO that the color is intermediate between gray, green and yellow, and is 
sometimes very undecided. In some localities it is found wilh a dark 
orange-red color, which is probably owing to the presence of chromic or 
vanadic acid. Whatever inay he the color, it has a peculiar lustre which 
is parity -adamantine, and partly resinous. Streak, white, sometimes 
yellowish. H.=3.[)-4.5. Ci.=6.5-7.1. Compoaiion, Pb 74.1, P 15.7, 
01 2.6, Pb 7.6. P ar.d Ss being isomorphou^ small quantities of the 
latter are often found in the crystals. Some varieties contain also copper, 
vanadium pnd chromium, without its being possible to make a separate 
species of them. Lime occurs also in small proportions. 

Pj'r. &c. B. P. In a dosed tube gives a white sublimate ol' chlo- 
ride of lend and As if the latter is present. Fuses at 1.5, In the R F., 
it gives a globule oflead which is brittle ; in the 0. F., melts and givcsft 
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globule, which iQ cooling assumes polyliedriofonua. Tah a cliaracteristic 
peculiarity. Soluble in acids with difficulty, but without residue. 

Besides these fonna, it is often found in baciilary fibers which are often 
interlaced. These crystals are often dark and look very much like moss, 
this is especially true of the green varieties. It is also found in mame- 
lonated masses willi a velvety lustre, owing to the little crystals which ap- 
pear on the surface. It is also found in concretionary masses of diifer- 
ent colors. These masses are characteriEcd by their lustre, which is feeble 
but at the same time adamantine and resinous, the latter predominating. 
It is also found in amorphous masses, which sometimes appear to be inter- 
mediate between compact and concretionary. They are crystalline masses 
made up of large crystals, whicli have been prevented from being develop- 
ed. This is sliown by the acicular crystals which are seen at a few points 
at the same time. These masses are very much lilce Anglesite and 
Cerussite, but their lustre is ttiueh less resinous, and their chemic^ characters 
are different, both with the action of acids and before the blowpipe. It 
sometimes occurs in red gummy-looking drops, when it contains vanadic 
acid. It is a valuble ore of lead. 



pt xxvin. 

Fig.2Q: coP. OP; most usual form. J%r. 31. OP. co P. coP2, 
Fig. 22, wP. OP, P, Fig. 23. ooP, OP, P. cioP2. 

nimetite. 3 tb' Ss+Pb CI. IIbxaqonal. 

Sym. — Campylite, Mimetine, MimetJsite, Plomb arseniati;. 

It is generally found crystallized as an hexagonal prism, with a number 
of pyramids. Cleavage imperfect, parallel to the pyramid. Lustre, resin- 
ous. Translucent, opaque. Color, pale yellow, orange-yellow, brown or 
white. Streak, white, ]a.=3.5. C=7-7.26. Composition, tb ta 
90.60, Pb CI 9.3i. 

Pyr. &C. B. P. In a closed tube, gives vapors of chloride of lead 
and of arsenic. Fuses at 1, and in the R. F. gives a globule of lead, the 
usual lead coating and often a white one of chloride of lead. Soluble in H. 

It resembles Pyromorphite in form and association, and it is sometimes 
difficult to distinguish between the two species, especially when Pyromor- 
phite contains arsenic. It is often botryoidal and compact. It is a rare 
mineral and was formerly found at Phenixvitle, Pa., associated with Pyro- 
morphitc When found in large quantities, il; is a valuable ore of lead. 



PI XXVIII. 
Mg. 22. coP. OP. P; usual form. Mff.2i. coP. OP. 2P. 
PI XXIX. Fig. I. coP, OP. P. SP. Fig. 2. osP. P. Mg. i. 
CO P. P. 2 P. F^. 4. P. P. 



.d by Google 



]^52 LECTURES ON MINEHALOGT. 

Ccrnssite, tb 0. Oeteohhombio. 

Sys. — Carbonate of Lead, Weissbleierz, Plomb carbonate, Plomb blanche, 

O^mse. 

It is isomorphous with Witlierite, Strontianite and Aragonite, ■with 
which it is sometimes associated. The angle of the prism is 117° 13'. 
There is a trace of cleava,ge parallel to the prism, which gives the mineral 
at times a lamellar appearance. The (dmple crystals have the same form 
63 those of Aragonite. There is a form which ia very much flattened, in 
the direction, of the braehypiaacoid, PI. KXIK,^ig.7.Tlas form 19 pecu- 
liar to certain crystalline masses, made up of acicular crystals woven 
together, sometimes parallel to each other, sometimes divergent or even 
interlaced without any apparent law. These masses, are generally milk- 
white and without lustre, or with a silky lustre, the crystals themselves 
being often made up of little capillary crystals. Besides these simple 
forms, there are macles, which are generally hemitropes around uie 
face of the prism. If this made is repeated several times, it gives the 
star-shaped twin, Mg. 13, but it is sometimes much more complex. 
As the angle ia almost 120°, the interior opening being very small and gene- 
rally fliil of massive Oerussite, there reauUsa regular star wiUi ax branches. 
Itia very brittle. Fracture, conchoidal. Lustre, adamantine. Transparent, 
translucent, opaque. Its colors are white, grayiah-white and yellowish- 
wliite, blue or green. It is sometimes black on the surface, but this 
is superficial, being caused by sulphurous vapor, and does not interfere 
with the adamantine lustre, H.=3-3.5. ©.=6.465-^.48. Composi- 
tion, Pb 83.5, G 16.5. 

Pyr. Sec, B. P, In a closed tube decrepitates, and seems to pass 
into a state of dimorphism similar tothat which takes place with ArM:onite. 
After decrepitation, it becomes reduced in the R. !F. to a metallic globule. 
Soluble with effervescence in dilute S, 

It is frequently found in saccharoidal masses, which are easily distin- 

fiished by their adamantine lustre and their density, which is about 6. 
morphous and earthy masses are also found, which are only character- 
ized by their great density. They are colored differently, according to 
their association. It resembles Anglesite, but is distinguished by the action 
of acids. It is a valuable ore of lead. It was formerly found in lai^e 
crystals at the Davidson Mine, N. C, and at Phenixville, Pa., and is 
generally found on the outcrops of veins. 



PIXKIS. 
Mg. 5. P. 2 f CO ; resembles an hexagonal pyramid. Mg. 6. P. . 
cof CO, 2tai. coP; the facesSt co and CoP Co usually have horizon- 
tal striations. Fig. 7, CoPco. P. 03 P. cof3; tabular crystal Mg. 
8. odPod. 4Pco. 2i?co. P. osP. Fig. ^. ? ca co&oo. P. 
coP. C0P3. ooPoo. Fig. 10. ccP. oofco. OP. P. 2^00. 
3? CO, 4Pcc. Fig. 11. ojf 00. -ifco." 2fo3. 4Pco. P. OoP. 
coPco. cof3. iPco. Fig. 12. Twin crystal, with the combination 
i P CO, 2 P CO. CO POi. P. 00 P ; composition-face co P. Fig. 13. 
Trilling, with the combination oof 00, coP. P. -iPco. Mg.14. Twin 
crystal, with the form of J^. 7. Mg. 15. Horizontal projection of a 
twin crystaL Mg. 16. Trilling, with the form of Fig. 7. 
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Crocolte. tb Cr. Monoclinic. 
Stn. — Crocoisite, Rothbleierz, Plomb ohromate. 

It crjBtalli;ies as an oblique rliofflbfe prism of 93° 42', It has seyeral 
cleavages, one parallel to the prism distinct, the other parallel to the base 
and clinopinacoid less so; but these cleavages are difBcult and as the sub- 
stajice is very fr^ile it is not easy to determine them. It is always in 
more or less perfect crystals, which are generally attached to a gangue 
and form a crust upon it. 1(6 fracture ia conchoidaL Lustre, adamantine, 
vitreous. Translucent. It is very brittle, lis color is dark red somewhat 
like that of Realgar, which, however, contains more yellow. Streak, 
orange-yellow. II.=2.5-3. G.=5.9-6.1. Composition, fb 68.9, Or 
81.1. 

Pyr. &e. B, P. In a closed tube decrepitates and blackens, but 
Eecovere its color on cooling. Fuses at 1.5, spreads over the churcoal and 
gives ill the E. !F. a metallic globule, a chrome scoria and lead fumes. It is 
easily di&solved in acids, and in HCI gives a green solution and crystallized 
needles of chloride of lead. 



PZ,XXIX. 

Fig. IT. CO P. -P. P ; both hemipyramids are equally developed. 
Mff. IS. coP, -P. i%. 19. The preceding, wiili ccf2. Fig. 20. 
ooP. 4Pc»; Ueresowsk. Fig.21. coP. -P. it <xi. Fig.22. a>P. 
CoP2. coPoD. -P. Poo. SPco. 2P2. OP. Fig. 23. coP. 
-P. Pco. 2P2. OP. 2Pco. V<x. iPoc. Fiy.'Ii. 00^2. 
-P. 3 Poo. 4Pcc. CO P. 

Slolzlto. Pb W. Tetsagonal. 
Syn. — Timgstate of Lead, Bcheelbleispath, "Wolframblelerz, Sohcelitine. 
It is isomorphous with Wulfenite and is found under the same conditions. 
Its crystalsare never flattened, but show the octahedron distinctly. It 
has an imperfect cleavage parallel to the base. Lustre, resinous. Translu- 
cent, opaque. Color, brown, red, green or yellowish-gray. Streak, color- 
less. H.=2.r5-3. «.=7.87-8.ia. Compoailion, Pb 49, W 51. 

Pyr. &e. B , P. It decrepitates and fuses at 2 to a crystalline bead. 
In the E. F. on Ch., it gives a metallic globule. Affords the reactions for 
tungstic acid and lead. Decomposed by "S, giving a yellow residue of 
' tungstic acid. 

It is of a much browner color than Seheelite, but generally the two 
species must be distinguished by trial. It has been found in this country 
at Southhampton, Mass. 



J%. 25. P. OOP. Fig. 26. P. 2 P. ooP. P Co. 

Wuifenite, Pb So. Tetbagosai,. 

Stn. — Jlolybdate of Lead, Gelbbleierz, Plomb molybdate, Melinose. 

It has Bill easy clearngc parallel to the octahedron, and a less easy one 

parallel to the base. Theci^stals are usually very short resembling«quare 
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tablets, and liave faces of an octahedron of tte second order, which are 
rarely carried to a point. Tiiey are usually set on their edge on a gangue, 
the baSe having generally less lustre than tne other faces. Sometimea the 
crysiala are thicker, opaque and witbout lustre. Tbey have always about 
the same form, and rest oa the gangue in the same way. Exceptionally 
it is found willi an octahedral form; they are usually small, and of a 
dark orange color. This varietyaJways contains ehromio acid. Its frac- 
ture is subeonchoida! and without lustre, even when the natural faces are 
brilliant. IlslustreoQ the natural faces is resinous or adamantine, some- 
times prominent and sometimes feeble, as it is often covered with a yellow 
powder. Translucent, opaque. Its color is yellow, with different shades; 
Bometimes ie is almost eanary-yellow, sometimes orange-yellow, which is 
probably owing to the presence of a little chromic acid. When it con- 
tains tungstic acid it is brownish-yellow : it is also gray or white. Streak, 
white. H.=3.75-3. G.=6.05-T.01. Composition, Pb 61.5, So 38.5. 

Pyr. &e. B. P. It decrepitates and becomes dark-brownish yel- 
low, and fuses at 2. ' On Ch., melts, and gives a metallic globule and 
scoria. Affords the reactions for lead and molybdic acid. Decomposed 
on evaporation in HOL 

It is also found in crystalline masses, made up of laniellte which are in- 
terlaced ; these masses are cavernous, being made up of crystals which have 
left considerable spaces between them, thus diminishing the density of 
the mass, which should be about 7. The masses become at times entirely 
compact, and aliow no traces of crystalline structure. It has been found 
in this country at Southampton, Mass., and at Phenixville, Pa. 



PI. XXS. 
Fig. 1. P. CO P. OP. Fiff. 2. ooP. OP. iP. Fig. 3. OP. 
coP2. -i-P. OOP. Mff.i. fPoo. iP.Mg.5. OP. a>P. coP2. 
Mg. e. OP. P. 4 P. Mg. 7. Pco. fPco. P. -J P. Mg. 8. OP, 
4 P. ^Poo. Mij. Q. 00 Poo. OP. ^P; Phenixville. 

All tbe compounds of lead containing oxygen, appear to have been 
formed by the action pf outside agents upon Galenite. They aro usually 
found in the vein within the influence of surface waters, which at 
lower depths contains sulphides oniy. Thus, Stoizite and Wnlfenito are 
found at Bleiberg in Oarinthia, on the outcrop of a vein of Galenite, 
which ia crossed by a vein containing Molybdenite and "Wolframite. The 
occurrence of Angiesite, Oerussite, Pyromorphite and Mimetite is similar, 
although, these minerals are more common. It is quite common to find 
pseudomorplia of all the oxidized minerals into sulphides or iriee versa. 
All of the oxides of the metals, are usually found within surface influ- 
ences, the sulphides below being unaltered. 

BBSMUTH, 
BIsinutli. Bi. IlESAooyAL, 
SYN.^Gediegen Wismut, Bismuth natif. 
It crystallizes as a rhombohedron of 87° 40', 
Antimony, having the same cleavage parallel ti" ' 
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hDdroQ and the base, which gives it the appearance of having a lamellar 
fracture. Lustre, nietallia Opaque, Color, silver-white, with a red- 
dish tjnge. It is subject to tarnish. Streak, same as color. Sectile. 
When cold it is hrittle, but slightly malleahle when heated. IH.=2-2.5. 
Cl,=9.727. Composition, when pure, Bi. 

PjT. &c. It. P. It melts in tlie flame of a candle. On Ch., fusea 
and is entirely TolatiUzed; leaving a. yellow coating. It is not attacked 
by HCI. It is soluble in ft, from which it is precipitated by diluting the 
solution with water. 

It is sometimes found in large masses, but is usually disseminated in a 
gangue. It has a definite position, all of the cleavages have the same 
direction, and most of the specimens look alike. The direction of the 
lamellie can be seen on almost every specimen. It usually occurs in reticula- 
ted masses scattered through a gangue. It has a rosy tinge which makes it 
resemble Linnieite and Oobaltite, but it is distinguished by its lamellar 
fracture and by its being completely volatile. It has been found in small 
quantities at Lane's mine, Connecticut, and in S, Carolina. 

Bismutlilntte. Bi' S'. Obtkoiieiombic. 
Sth. — Bismnth Glance, "^y^ismutglanz, Eismutbine, Bismuth sulfure. 

It crystallizes as a right rhombic prism of 91° 30 Th ry t 1 a e 
always acicular. It has easy cleavages parallel t tb b hyp nac I and 
base, and a less easy one parallel to the maoropin d. Lust t !l 

Opaque. Color, lead-gray or tin-wliite, with a 11 1 nd t 

tarnish. Streak, same as color. H.=2. G,=Gi'J2 C mpo t 
Bi 81.25, S 18.75. 

Pyr. &e, B. P. In an open tube, gives Ifh f la 

bismuth sublimate. On Ch., fuses at 1 into drop I wl J h t nd 

yellow on cooling, coating the charcoal, Dissoh S d g } 

cipitate on dilution. 

It is sometimes found massive, with a foliated t 1 t d t tu 

It is Jso found associated witit Native Bismuth d m t m I g 

masses like Stibnite,- witt which it is isomorphous, ha n tb m y 
cleavage parallel to the brachypioacoid. It has th m g n 1 ha a 
ters ^so, except that the crystals are usually m h II It wis 

probably muctiless soluble in the solutions from wh h t y tall d tl 
Stibnite. Its color too is much darker, and it is sometimes variegated. 
It cannot generally be distinguished from Stibnite except by the blow- 
pipe or by dissolving it in it, which does not act on Stibnite. It has been 
found in Haddam, Ct., and in N. Carolina. 

Aikiiiltc. 3 (Gu,Pb) S+Bi' S'. Obthobbohbic. 



It crystallizes as a right rhombic prism of 110°. The crystals are 
usually long and acicular, which gave it the name of Needle Ore, and are 
generally imbedded in a gangue. Fraoture, uneven. Lusiro, metallia 
Opaque. Color, lead-gray slightly red. H.=2-2.5, C=6.1-6.8. 
Composition, Bi 36.2, Pb 36.1, Cu 11, S 16.7. 

PjT, &c. B. P. In an open tube, gives sulphurous fumes and a 
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bismuth subiimnte. On Ch., fuses and gives the bismuth and lead eoat- 
ings. With fluxes, the reactions for copper. Decomposed by 'S. 

It has been found ia the TJ. 8. m North Carolina aud Geoi^Ia, and is 
often associated with Gold. 

Tetrad finite, BP Te'. Hexagonal. 

Sys.^ Telluric Bismuth, Tellurwismut, Bismuth tellur^. 

It is found in smal! crystals which are often tabular. They generally 
show faces of a rhombohedron of 81° 2' and freqaenily the biise, and oie 
usually macled. Cleavage easy, parallel to the base. Lustre, metallic and 
very bright. Color, pale steel-gray. The laminaa ace flexible and soil 
paper. H,= L5-2. G.=7.2-7.9. Composition variable, as it often 
contains sulphur and selenium; for the formula Bi' Te', Bi 51.9, Te 41.1. 

I*yr. &o. B. P, In an open tube, gives a white sublimate of 
tellurous acid. On Ch., fuses and gives a white sublimate. In the R. P., 
tinges tie flame bluish-green. 

It has been found in the U. S. in the gold mines of Virginia, H". Caro- 
lina and Georgia, 



Fl XXX. 

J'lg, 10, Twin, consisting of four individuals; composition-face E; 
3R. OR. 

ARSENIC. 
Arsenic As. Hexagonal. 
Syn, — Gediegen. Arsen, Arsenic natif. 

It crystallizes as a rhombehedron of 85° 41'. It has an imperfect 
cleavage, parallel to the base. The crystals are rare and are very small 
rhombohedra. The fracture is granulaTj and sometimes saccharoidal and 
even eonohoidal. Lustre, almost metallic. On a fresh fractare, which is 
often, very brilliant, it is steel-gray or tin-white. It afterwards tarnishes 
and becomes dark gray or black. Streak, same as color. H,=3.5. 
G.=5.93, Composition, when pure, As. 

Pfr, &c, tS. P. Gives metallic arsenic in a closed, and J!^ in an 
open tube. In the R P., it volatilizes without residue and without melting, 
coloring the flame blue. It is not attacked by HCl, but is soluble in B. 

It can often be easily detached in plates, with curved surfaces which 
fit into each oiher. The mamelons are generally large, and are covered 
with points of crystals. It ia also found iu baeillary masses as little irreg- 
ular prisms, generally in a gangue of Quartz or Barite. It is also found 
as concretionary masses in little mamelons, which have been deposited on 
the salient points of different minerals, often on Rhodochrosite. This 
mamelonated character distinguishes it fi-om Nagyagite or Ilauerite, with 
which it is ofl;en associated. It has been found in the U. S. at Haverhill 
and Jackson, N, H,, and at Greenwood, Me. 

Arsenolite. Ss. Ihomethic. 



It is found rarely in little octahedral crystals, ( 
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Bides of a fissure. It is generally found &a a white, earthy powder, asso- 
ciated with ArsBnia It is probably dimorphous' witi Senarmontite. It is 
sometimes found hotrjoidd, stalactitic and earthy. Lustre, yitreous or 
silky. Traasparent, opaque. Color, white, with a yellowish or reddish 
tinge, owing to impurities. Streak, sarao as color. Taste, astringent 
H.=1.5. G.=3.G98. Composition, As 75.76, 24.24. . 

Pyr. Stc, B, p. Sublimes in a closed tube. On Ch., ia entirely 
volatile, giving white fumes and & garlic odor. Slightly soluble in hot 

It lias no other characters, than its association and chemical reactions. 



Realgar. As 8. MosocLisrc. 

Sts. — Rothe Arsenblende, Roth Eauschgolb, Arsenic sulfon? rougo. 

It crystallizes as an inclined rhombic prism of 74' 26'. It is always crys- 
tallized or crystalline. The crystals usually have a very large number of 
faces, but the primi tive form is comparatively rare. The usual faces are 
shown in PI. XsjC Mgs. 11-14. It has an easy cleavage, parallel to the 
base and clinopinacoid, and a less easy one parallel to the orthopinacoid. 
It fracture is smooth and conchoidal, with a resinous lustre. The lastre is 
bright on the natural faces which have not been altered. Transparent, 
translucent, opajjue. The color is a characteristic red, When it has been 
exposed to the ligbt for a long time, it becomes orange-yellow. Streak, 
red when not decomposed, but generally orange-yellow. H.— 1.5-2, 
0.=3.4-3.6. Composition, As 70.1, 8 29.9. 

Pyp, Sets, D. P. Id b closed tube, it fuses and volatilizes without 
decomposition. The vapor is condensed in an orange-colored sublimate, 
which la ^so ftisible and volatile. In ari open tubei it bums with an odor 
of sulphur and arsenic It is soluble iu caustic alkalies. 

In collections it must be kept from the light and as much as possible, 
from the air, otherwise it becomes decomposed and falls to powder. 
Realgar can usually be distinguished by ils color, streak and hardness, and 
its association with Native Arsenic, and if necessary by its chemical 
characters. The only substances which resemble it are Crocoite and Cin- 
nabar. The color of the streak of Crocoite is yellow and its association 
is different The blowpipe characters, streak, and chemical reactions dis- 
tinguish it from Cinnabar. ' 

Mg. 11. CO P. coP2. OP, fee, Mg. 12. The preceding, with 
P and cof oo. Fig. 13. coP. coP2, coP4. coPco. goP2. 
cofos. P. OP. iPos. fos. afco. Pco. 2Pcn. P2. 2P2. 
4P2. Mg. U. coP. OP. iP. ODP2. ooPco. ooPos. Pco, 
2 Pco. 

Orplment. As' S'. OBTnoRHOMBic, 

SvH, — Auripigment, Gelbc Arsenblende, Rauschgelb, Operment, Arsenic 

sulfure jaune. 

It crystallizes as a right rhombic prism of 100° 40', The crystals usual- 
ly show the brachydome, the rhombic prism, macro- and brachyprisma, 
macro- and brachypinacoids and an octahedron. It has a crystalline 
structure and a very easy cleavage parallel to the maeropinacoid. On the 
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cleavage feces its lustre is pearly, somewhat silky, because tKe cleavage 
faces are fiequently striated; elsewKere it is resinous. Translucent. Its 
color is a decided lemon-yeUow ; sometimes slightly orange colored, 
owiog to a slight admixture of Realgar. Its streak is yellow and a 
little paler than the color. By cleavage, very thin lamella can be detached, 
which are flexible but not elastic! II.=1.5-2. <ji,=y.48. Compoa- 
tioa. As 61, S 39. 

Pyr. &c, B, P. In a closed tube it fuses and volatilizes, giving a 
dark yellow sublimate ; acts otherwise like Realgar. Dissolves in aqua 
regia and caustic alkalies. 

It has been found at Edenville, N. T., on Arsenopyrite. 



ASTIMOMY. 

Antimony. Sb. Hexaoosal. 
SvN. — Gediegen Antimon, Antimoine natif. 

It crystallizes in rhombohedra of 87° 35', with easy cleavages parallel 
to the base, so tliat in mass it is always lamellar, and the iaoea of the 
UmelJEe are more or hss targe. Its lustre is hright and metallic when 
pure. The varieties containing arsenic have a very brilliant lustre on the 
fresh fracture, but tJiis soon becomes gray and dark from a super- 
ficial osidation, which is more easily effected on arsenic than antimony. 
Color and streak, tin-white. Very brittle. H.=3.35. ©.=6.646-6.72. 
Composition, whec pure, Sb. It generally contains one or two per cent, 
of impurity. 

Pyr, &C. B. P. On Oh., it is fusible and gives off vapors, which 
condense at some distance from the assay in a white ring. It is easy to 
distinguish this from arsenic, which is much more volatile. The white 
coating in Ihe E. P. tinges (he flame bluish-green. 

It is generally found in lamellar masses, naving almost a compact frac- 
ture. The varieties, whioli have very large lamellse, ai'e almost pure 
antimony. The others usually contain arsenic, the proportion of wnich 
can be distinguished to a certain degree by the dze of the lamellas. The 
proportion of arsenic is someUmes sufficiently large, to give the specimen 
the slicUy character so common in Native Arsenic, the presence of which 
is easily verified by the blowpipe. It is sometimes found in large masses 
which are Homewhat coated with a yellow oxide. It has been found in 
the U. S. at Warren, N. J. 

Senatmontite. Bb. Isouetric. 
Sys. — Antimoine oxyde octaedrique. 

It crystallizes in regular octahedra, with a trace of octahedral cleavage. 
The fl-acture is almost lamellar, wilh a bright lustre which is always 
adamantine or resinous on the fresh fracture. It is generally semi-trans- 
parent or semi-fransluccnL When pure, it is colorless. Streak, white. 
H.=2-2.5. G.=5.22^.3. Composition, Sb 83.66, 16.44. 

Pj"!", &c. B, p. In a closed tube, fuses and partly sublimes. ' On 
Ch., it becomes reduced in Ihe K. IT. and is volatUized, coloring the 
flame greenish-blue. It is insoluble in ^. 
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It is generally found in ciystallizcd masses, wiUi the crystals interlaced. 
If tlie crystals are very small, it becomes granular. It is generally white 
or without color, but sometimes grayish, when it has become mixed with 
clay. With the crystallized varieties ore associated others that are 
compact and earthy and which have almost a conchoidal fracture, in 
which no crysttdliue character can be seen. Sometimes it resembles elay. 
It must then be determined by its density or blowpipe reactions. This 
mineral has only boon found in Algeria, and is very rare in colleotiong. 



Oxide of antimony is found crystallized in two systems, the isometric 
and tlie orthoiliombic. It is therefore dimorphous. To the isometric 
oxide the name Senarmontite has been given, and to the octhorhombic, 
Valendnite. A third oxide has been found, but not crystalliaed, so that 
it ia possible Uiat it may be trimorphous. 

Valciitlnlto. Sb. OnTnoBBOMBic 

Syb. — Weiss-Spiessglaserz, Antimonbluthe, Antlmoine osyde. 

It crystallizes in a right rhombic prism of 136° 68', with an easy 
cleavage parallel to the prism. It is frequently found as little crystals on 
the surface of Stibnite. The naual form is a combination of the prism 
with the brachypinacoid and domes. Its fracture is lamellar in tlie direc- 
tion of the brachypinacoid, which hasapearly lustre. The other faces are 
either adamantine, or dark and striated. Color, white, peach-red, gray or 
brown. Streak, white. H.=2.5-3. G.=5.566. Composition, Bb 
83.56, ie.44. 

PST, &C. B. P, In the E. F., it is reduced and gives the white sub- 
limate characteristic of antimony. Heated in a tube, it miilis without 
volatilizing, which distinguishes it from tellurium. It is insoluble in iJ. 

In Algeria it has been found in lai^e masses on the outcrop of veins of 
Stibnite. These masses are made up of spheres, formed by little acicular 
crystals, diverging from a centre and fastened together. They have a 
very bright lustre, which is at the same time silky and adamantine. The 
open spaces between the spheres ai'c filled up by a yellow pulverulent 
mass, which is an intermediate oxide. Tlie density of^ this mass is almost 
6, which prevents it being confounded with other earthy minerals. In 
detached crystals it resemhles Stibnite or Gypsum, but it can be distin- 
guished by its chemical characters. The adamantine lustre and density 
make it resemble the compounds of lead, but there is no compound of 
lead, which is found in this state. The intermediate oxide which is asso- 
ciated with these massra, seems to be the result of decomposition of the 
ores of antimony by the surface waters, and is often found as crusls on 
their surface. 



Pi XXX, 
Fig. 17. oof c 



F THE CRYSTALS. 
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Ubnitc. Sb' S'. Orthorhomeic. 



a right rhombic prism of 90° 54', with a, cleavage 

Earaliel to the brachypinaooid so easy, (hat the lameite caii freqiieiitiy 
e detached with the nail. It is found in crystals, more or less perfect, 
which show the two general forms, J*^ Jt X.S, Mga. 1 8 and 20. The second 
form, J%. 20, is leas common. These crystals are generally striated 
and cylindrical. They are usually grouped together and divergent, or 
arranged in groups, which are sometimes several decimeters in length. 
The crystals are generally disengaged towards their extremity, so that the 
tenninations can he seen. The fracture is generally sub-con choidal. The 
cleavage faces are scratched with the nail, iDut tlie other faces are harder. 
The color is lead-gray, with a metallic lustre (hat is often very bright. 
It frequently becomes tarnished when exposed to the au-, and is sometimes 
iridescent, and sometimes almost a dead black. Btreak, same as color. 
The lamellie are flexible but not elastic, and make a dark streak on paper. 
H.=2. ©.=4.516-4.612. Compowtion, Sb T1.8, 8 28.2, 

PjT, &c. B, P, It IS fusibte without the aid of the blowpipe. 
In the 0. F, it becomes roasted, giving off sulphurous fumes. On Ch., in 
tie E r t g es tl tm y t a d 1 th fl m ' 1 bl 

Thrjtn tea mt bllyddgttth 
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ft ftle.m=s IwylmUbtly dt 

wh 1 d t g 1 t f m Gal t wh h 1 1 g W th 

&t I t tl 1 taj t d wh h h th m g rsl 

pt plliy ytlg pdtgtl dd t, wh b 

milts,! togthlllitAtmyThy 

m rals f tmyl g dtt mp t lly !ph 

antimoniurets of lead. Before the blowpipe, these minerals give the re- 
actions for lead, es well as for antimony. There are also antimonio-sulph- 
urets of iron, which are found in amorphous and granular masses. 

In the U. S., Stibnite occurs in Mame, New Hampshire and Maryland. 
Argentiferous varieties have been found in Nevada. 

FORMULA OF THE OHTSTJIA 

I>1 XXX. 

Fig. 18. 00 P. P. CO Pco; the most usual form. Mg. 19. The pre- 
ceding, with 2P2. Fig. 20. coP. iP. cotco. Fig. 21. OoP 
coPco. P. iP. 2P2. tP2. iPoo. 

Kermeslte, Sb-i-2 8b S'. Mokoclibic. 



It crystailJKes as an inclined rhombic prism. It is usually found as 
capillary crystals, having a basal cleavage. Lustre, adamantine or metal- 
lic. Translucent. Color, cherry-red. Streak, brownish-red, H.=l-1.5, 
G.=4.5-4.6. Composition, Sb 75.3, S 19.8, O 4.9. 
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PjT. &C B. I*. In a closed tube, blackens, fuses aad gives a 
whitu sublimate If heated strongly, a black or dark red .sublimate is 
formed, otherwise it actg like Stihnite. 

Its formation appears to be owing (o the decomposition of Stibnite, 
eithei" by the yapor of water or damp air. It occurs in fine fibres whicli 
are usually capillary and divergent, or in silky tufts. Sometimes they lie 
flat upon the gangne and are irregularly woven together, Ita priucipal 
character is its cherry-red color, which is rather brownish and perfectly dis- 
fiiiet from that of Erythrite. 

To Kermesite belongs a mineral called Silver Tinder. It has a variable 
composition and an argentine lustre. It is never crystallized and is quite 
light and occurs aa a more or less earthy mass, associated with a gangue. 

UKAWIUM. 

ITraninite. tJ G. laonETnic. 

Stn, — Pitchblende, Uranpecherz, TJrane oxyduM. 

It has been found as an octahedron associated with a cube or rhombio 

dodecahedron, but usuaily it only shows traces of crystallization. Ita 

fracture is unequal and sometimes conchoidal. Lustre, submetaHic, greasy 

or dull. Opaque. Color, intense black, grayish, greenish or brownish. 

Streak, a lighter brown, grayish, olive-green a litSe shining. H,=5.5. 

C}.=6,4-8. Composition, 32.1, S 67.9, The degree of oxidation of 

the uranium appears to be variable, and is not very welt determined. The 

mineral appears to be generally a mixture of several metallic oxides. 

Pyr. Ac. B. P. It is infusible. It colors tie flame green, which 
has a different shade from that of boracic acid or copper. With fluxes, it 

fives a greenish-yellow bead in the 0. P., which becomes green in the R. F. 
t is not acted on by the nosroxidizing acids. Aqua regia and ^ 
dissolve it to a yellow solution, from which ammonia precipitates the 
uranate of ammonia, which is flaky and yellowish. 

Its fracture and lustre make it resemble Triplite, but it is distinguished 
by ita density, which is near 7, and which is its distinguishing feature. It 
is frequentiy covered with a pulverulent yellowish coating, which is uranic 
acid or some other intermediate oxide, or a subsulphate or phosphate of 



f 



Autunlte. B' P+Ca 3+7 Iff, Osteokeombio. 
S¥N. — Limc-TJranite, TTranit, KalkuraulL 
It orystalliEes as a right rhombic prism, the angle of which is very neat 
right angle. It has a veiy easy cleavage parallel to the base, which 
~"j it a very lamellar structure, both on its natural and cleavage faeea 
usually found as a eiyetalline incrustation, which has a fan-shaped ap- 
pearance, as they arc formed of a lai^e number of crystals placed together. 
It is ordinarily impossible to distinguish any form. Its lustre on 
the base is pearly, elsewhere almost adamantine. Translucent It has an 
onwge-yellow color, showing greenish reflections however, owing to 
traces of copper. Streak, yellowish. H.=2-2.5. G=3-05-3.19, 
Composition, © 62.7, Ca 6.1, ? 15,7, S 15,5. 

Pyr. &C. B. P. Melts in the R. F. to a black globule, first swell- 
ing and losing its water. It is soluble in "S, giving a yellow solution. 
In the U. S., it is found at Aowortli, N. H., and at Philadelphia, Pa. 
11 
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Torberiiite, B' &+Cu fi+T fi. Tetbagosal. 



Its general characters are the same as those of Autunite; it has the 
same easy cleavage, and is usually weil crystallized. The crystals are 
often tabular and sometimes show traces of octahedra. The crystals are 
sometitnea made up of crystalline plates, piled the one on the other. The 
ba«e has a pearly lustre and is pale green. The vertical faces are vitreous 
and darker in color. They fona coalings on the gangue, reposing usually 
onAhe base and are quite aualagous to Mica, except in their color. Lustre, 
pearly on the base, elsewhere adamantine. Transparent, translucent. 
Color, various shades of green. Streak, paler than color. Sectile. H.=a 
2-2.5. G.=3.4-3.6. Composition, tS 61.29, Ou 8.44, j^ 15.57, S 15.05. 

Pyr. &C. B. P. In a closed tube, yields water. Fuses at 2.5 to a 
blackish mass, coloiing the flame green. Gives the reaciions for uranium 
and copper. 

rOniHtrliS OF THE CRYSTALS. 

PI. XXX 

Mg. 2%. P. OP. Mg. 23. odP. P. OP. Mg. 2i. P. OP. 
CoPcw. i^.25. P. OP. Pod. Fi3.2G. OP. JP. 2 P. Mg, 21. 
oaP. coPco. 2P. fP. OP. 

MOtlfBDENBJM. 

Molybdite. £to. ORmoRHOUBia 

Syn. — Molybdine, Molybdanofcer. 

It crystallizes as a right rhombic prism of 136° 48'. It is isomorphous 
with Valentinite. It is found in capillary crystals tufted or radiated, or as 
a coating on Molybdenite, resulting from, its decomposition. Lustre of 
the crystals, silky, of the inccustation, earthy. Color, straw-yellow. 
H.= 1-2. O.=4.40-4.5. Composition, Mo 65.71, 34.29. 

Pyr, &C, B. P. On Ch., fuses and coats the coal with yellow 
crystals near the assay, which are white on liie outer edge of the coat- 
ing. The coating in the R. F., becomes blue, and then red after long 
heating. With borax in the 0. F., it gives a head, yellow while hot, and 
colorless on cooling ; in the R F., the bead becomes black. 

It is found on New Tork Island, associated with Molybdenite, also in 
Pennsylvania and Georgia. 

Iffiolj'bcleiiite, Ko S". Mohocunio ? Hexagonal ? 
Stn. — Molybdanglanz, Wasserblei. 

It is found in tabular hexagonal prisms, with a cleavage parallel to the 
base. It is usually found in thin sodes of a grayish-blue color, which are 
.flexible but not elastic, and which soil the fingers with a bluish-gray stain. 
Lustre, metallic. Opaque. Color, lead-gray. Streak, same as color. 
'H.=l-1.5. «.=4.44-4.8, Composition, Mo. 59,8 41. 

PjT. &C, B. P. On Ch.j after healing some lime it burns, giving 
off a sulphurous odor, and leaving a yellowish infusible residue, which 
is molybdic acid. Decomposed by fi'. 

It resembles Graphite somewhat, but it is blue and, acts differently. 
On glazed porcelain, it gives a greenish streak, while Graphite gives a 
black one. 
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COPPER. 

Copper. Cu. IsoMBxRia 
Syn.— Gediegeo Kupfer, Cuivre natif. 

It cryatallizos gone rally in cubes, ootahedra, rhombic dodecaliedra ortet- 
rabei^edra. It is frequently found regularly crystallized ia lai^e arbor- 
escent masses, ramified and dendritic, which are formed of cubes and 
octahedra more or les3 lengthened out and joined together. It is also 
found in diin sheets, whicn cover or penetrate different substances. Its 
fracture is hackly. Lustre, metallic Color, copper-red. Streak, metallic, 
shining; ductile and maUeable. II.=2.5. G.=8.833. ComposiUou, 
copper with a little alver, blsmutli, etc. 

Pyr. &c, B. P. Fuses easily. Soluble in acids. 

Its density is less than that of melted copper, which is 8.921 when simply 
melted, but when hammered, it- is 8.952. Its sonority ia also different, 
which would seem to show that it has been formed in the wet way, either 
by chemical or galvanic precipitation. What appears to corroborate this 
opinion is that it is often found moulded cm crystals and other substances, 
taking pseudomorphie forms. Thus, Calcite and other minerals which would 
not have resisted the high temperature of tl'c fusion of copper are often 
found coated with it. It almost always contains a certain proportion of 
silver, which cannot alivaya be seen, but which appears to show & simulta- 
neous precipitation of the two metals. 

It is always easy to recognise it by its metallic lustre and red color, 
which however is sometimes masked by superficial action, but it is easi- 
Jy seen by breaking or scratching with a knife. It is also found in very 
large amorphous masses in Lake Superior. The largest ever found weighed 
420 tons and contained 90^ of copper. 

FOKMmjS OP TUB CRYSTALS. 

Fig. 1. 0002; a frequent form. Fi/j. 2. Hemitrope of the preced- 
ing; composition face 0. Mff. 3. The same, flattened; resembles an 
hexagonal pyramid. 

Cuprite. du. IsoHETRic. 

Byn. — Octahedral Copper Ore, Rothkupferer^ Ziegelere, Cuivre oxiduM, 

Chaleotrichite, Knpferbliithe. 

Its crystals are generally the octaliedron which is either simple or modi- 
fied, sometimes the rhombic dodecahedron, but rarely, the cube, Some- 
times the cube is lengthened to capillair forms. It has an octahedral 
cleavage which makes it often look lameUar on its fracture. Its fracture 
b con^oidal or uneven, sometimes lameilar. On the natural faces its 
lustre is quite bright and is semi-adamantine or semi-metallic. In some 
varieties it is eartliy. Its crystals are sometunes transparent or translu- 
cent in thin pieces. Its color is dark blood-red ; sometitnes ahnost black. 
Its streak is dark cochineal-red. H.=3.5^. ■ G.=5.85-6.15. Composi- 
tion, Cu 88.8, n.2. 

Pyr. &C. B. P. In the 0. F., it is infusible and gives a black 
scoria. In the R. F., it gives a button of metallic copper, which is mallea- 
ble and ductile. ' Soluble in HCl and ^. 

It is often found as crystalline masses, r&ade up of crystals disseminated 
in a gangue or interlaced among themselves. These are generally small 
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and indistinct, and give to the whole miiaa a ramlSed or acoriaceous look. 
At Chessy, near Lyons, Franco, Cuprite was formerly found in large 
crystals. They are transformed on their outside into Malachite, without 
having the regularity of their faces disturbed. Tins is sometimes super- 
ficial, and sometimes only a little core of Cuprite is left, and in others the 
pseudomorphism is comfJete. The faces of some of the crystals are simply 
concave, while others are completely hollow. This is geaerally true 
of the octahedron, the edges of whicn, liowever, are very prominent, the 
faces being very much, sunken. It also occurs in aemi-lameilar masses of a 
lighter red than the crystals, having almost a granular or compact fracture. 
These masses have a density above G, and are almost always accompanied 
by some staia of copper. It might be mistaken for Hematite or Magne- 
tite, but the streak and blowpipe characters are different. "When found 
in capillary crystals, which are generally elongated cubes, it is called Chal- 
cotrichite. This is frequently associated witU Limonite, It has a peculiar 
.lustre, and its capillary condition and reactions with the blowpipe, make it 
easy to distinguish. This variety is quite rare. 

When found in large quantities, it is a valuable ore of Copper. In the 
IT. S. it has been found at Somerville, N, J., and Cornwall, Pa., and 
lake Superior. 

FORMULA O? THE OHTSTALS. 

PtXXXI. 

Mg. i. 0; the most frequent form. Fig. 5: 00 0; also oharaeteiistic. 
Mg. 6. coO. 0. Mg. 7. Octahedron, with cavernous faces. ^. 8. 
0. 2 2. CO 2. 3 0|. 2 0. co 0. ooOoo. 

Ctaalcocfte. eu S. Orthoehombio. 

Syk. — Vitreous Copper. Copper Gianoe, Chaloosine, Kupferglanz, Cuivre 

sulfure. 

It crystallizes as a right rhombic prism of 119° 35', By fusion and de- 
cantalion, it can be artificially obtained in octahedra. This dimorphism is 
only a question of temperature. The angle of the prism ^ves rise to 
limit forms. There is a trace of cleavage parallel to the prism. Ci-ystals 
are not abundant, but tliey show appearances of limit prisma, which re- 
semble hexagonal types. The base of the prism shows slight atriationa, 
which are parallel to brachjpinacoid, These striations serve to distinguish 
the simple crystals from those which are formed by the union of six crystals 
placed together wpon the face of the prism. The base of such crystals 
shows radiated strite. It has another peculiar made, formed by four crys- 
tals joined in a cross around tlie faces of the brachydome. Fracture, 
coachoidal. Lustre, metallic. Color and streak, dark blue, almost black. 
It is ductile, and can be easily cut with a knife into curved shavings. 
H.=2,5 to 3, CJ.=5.5 to 5.8. Composition, Ou 79.8, S 20.2, 

Pyp. &c. It. P; It melts in the flame of a candle, giving off 
sulphurous acid. Gives the reactions for copper. It is soluble in hot iJ, 
but is not acted upon by cold. 

Besides the crystallized varieties it b found in semi-lamellar, semi-com- 
pact masses, with almost a conchoidal ll;acture of a bluish color, which in 
old fractures is very dark. It occurs sometimes in schistose masses. It 
has also been foundin ramified or stalactitic forms, which appear to be 
pseudoniorphs after Native Copper. It is usually ductile, but has been 
found in masses which do not possess this property, although having the 
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Bame physical appearance. It is then probably alloyed with a considera- 
ble proportion of Argentite, It resembles Argeatite, but the latter is more 
sectile, has adiffercQt lustre and gives differoiiireactions with the blowpipe. 
The mines at Bristol, Conn., furnished some of the most beautiful speci- 
mens, that have ever beea found. It haa been found in New York, New 
Jersey, Virginia and otlier states, 

lOaKVhM OF THE CRYSTALS. 

PI. XXXI. 

My-. 9. OP. (»P. odPoo. _%. 10. OP. iP. ff OS. Mg. 11. 
OP. 03P..C»fco. iP. jtfoo. Fig. 12. Group of twin crystals ; 
the lower half ivith the composiUon-faeo coP, the upper half twinned with 
a face of J Poo. Mg. IZ. Cruciform twin, baying OPandcoP of one 
crystal parallel respectively to Co P oo and P of the other, 

Boruftc. ' (Bo,'Ee)B. JsouEmid. 

Syn, — Erubescite, Purple Copper Ore, Peacocli: Ore, Buntkupferkies, 
Cuivre pyriteux bepatique, PhilLpsite. 

It is found in cubes, octahedra and rhombic dodecaliedra, wbicb are 
either simple or macled on one of tbe faces of the octahedron, but crystals 
are very rare. It has traces of an octahedral cleavage. Its fracture is gen- 
erally unequal and concholdal Lustre, metallic. Its color is reddieh- brown 
or a dark violet-blue, with a great variation in colors, owing to tarnish. 
Streak, blackish bronze-yellow. H.=3. 0.=4.4-5.5. Composition, 
for ( J eu+l Pe) S, is Cu 70.13, Fe 7.76, S 22.11. 

Pyr. &C, D. P. In a. closed tube, ^ves a faint sublimate of sul- 

Shur. In the 0. F. it is roasted with a, sulphurous odor and gives in the 
1. F. a half-melted globule, which is attracted by the magnet. Soluble in 

It is generally found compact ^''^^ shows such a brilliant play of colore, 
that it is not possible to confound it with anytliing else. It is found at 
Bristol, Conn., in crystals. It oeours massive in Mass., New Jersey, 
Penn. and elsewhere. 



PI XXXI. 

Mg. U. 00 Ox. 0- Fig. la. coO. 2 02. 

Chalcopyrite. 6u S+Fo S+Fe S'. Tetkaoosai,. 

Syh. — Copper Pyrites, Eupferkies, Pyrite euivreuse, Cniire lyr te x. 

The prism is very near the cube. It is found in crystals or i nere 
tionary or amorphous masses. The crystals are sometimes octal edra but 
more frequently sphenoids, which, on account of the small difference m 
the edges, resemble regular tetrahedra. But of the three ed^e* w hich ir 
at the same solid angle, two only are of the same kind, so that the modifi 
cations that can be produced upon them are not in pairs of 3, but of 2 
and 1 which shows it to be tetragonal. Il has traces of cleavage parallel 
to the vortical faces of the prism. Fracture, conchoidal or uneven. It 
has a.metallic lustre and a brass-yellow color,' which is deeper than that 
of Py rite. It is subject to tarnish and is oilen iridescent, II, =3.5-4. 
«.=4.1-4.3. Composition, Cu 34.6, Fe 30.5, S 34.9. 

PJT. &C. B. P. In a closed tube, decrepitates and gives off S, 



.d by Google 



166 LECTUKES ON MINERALOGY. 

Oa Oh., melts, giving off sulphurous acid, and yields a. magnetic globule. 
Soluble in ft. 

It oftea shows on amorphous masses a play of colors, which is owing to 
a superficial alteration. This iridescence is sometimes found on the frac- 
ture when the Sssiirea have been acted on by the same agency that affect- 
ed the surface. These colors are very bright but are generally lighter 
than those of Bornite. The concretionary Tsrietiea are generally little 
mamelona separated from each otber, which are quite smooth on their 
surface and atalactitio in character. The amorphous masses, ■which are 
the most common, are recognized by the yellow color, which is often 
variegated, the unequal fracture and hardness. It does not strike Are with 
the steel, which character distinguishes it fi-om Pyrite, with which it ia 
ofton associated. 

It ia a valuable ore of Copper and is found in many localities in the U. S. 



PI. xxxr. 

Mff, 16, P; the two sphenoids equally developed. Mg. 17. — . 

_ ^. Fig. 18. P. P. 2 P CO, P Go. Fig. 19. The same, but with 

one sphenoid further developed than the other, i^. SO. — ■ — — . 

00 P 00. i'V- 31. — _^ CO P. 2 Poo. Fig. 22. Hemitrope; 

composition-face P. Fig. 23. Hemitropo of Fig. 13. Fig. 24. Twin 
crystal; composition-face P oo. Fig. 25. Twin crystal of the form Fig. 
17. PI SXXII. Mg. 1. Twin crystal, composition repeated four tin(es. 
Mg. 2. Twin crystal; Cornwall J^^. 3. Twin crystal; OP. iP, 
P. f P. I P 00 ; composition-face P Co. 

Tenimntlto. 4 (ei:,Fe) S+As= 8'. Isometeic, 
SvN.^Araeuikalfahlerz, Kupferbiende, Zincfalilera. 

Its dominant form is tlie rhombic dodecahedron, with small faces of the 
tetrahedron, P;, XXSII. iijj. 8. It has traces of dodecahedral cleavage. 
Fracture, uneven. . Lustre, raetftlllo. Color, blael^ish lead-gray to iron- 
black, and in old fractures, dull black. Streali, dark I'eddish^ray. 
H.=3.5 to 4. G.=4.37 lo 4.53. Composition, Cu 47.70, Pe 9.76, As 
12.46. S 30.25. 

PjT. &C. B. P. In a closed tube, gives a sublimate of sulphide 
of arsenic. In an open tube, sulphurous fumes and arsenous acid. On 
Ch., fuses with intumescence to a magnetic globule. In the B. F. gives a 
brittle globule of copper. 

There are two compounds of copper, having veiy neariy the same 
composition, in one of which arsenic predominates, and in the other 
antimony. The former is called ■Tennaotite, and the latter Tetraliedrite. 
These two varieties show ilifferent crystalline types, although they both 
cr^-sta!1ize in the isometric system and both show the hemihedry with in- 
ohned faces. 
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Tetrahedritc. i (Ga, Fe, Zn, Hg, Ag) S (Sb, As)' S'. I30metrio. 
SvN. — Gray Copper Ore, Fahlerz, Cuivre gris. 

It crystallizes in tetrabeiira, which are usually modified by the hemi- 
tetragonal trisoctahedron. They are rarely simple, and show traces of a 
tetrahedral cleavage. Fracture, Bubconchoidal or uneven. Its lustre is 
bright and metallic, both on its fracture and on the natural faces of the 
crystal, and does not become black on espoaure, and is never resinous like 
that of Boumocite, Its color is a blackish-gray, which is more or less 
dark. Its streak is gray, and much lighter than that of Tennantite. 
H.=3-«.5. «.=4.5-5.11. Composition, Ou 19-25, Fe 2-7, Zn 1-7, 
Ag 0-31, As O-II, 8b 11-28, S 19-29. 

Pyr. &c. B, P. In. the 0. F,, it is roasted, giving a slight odor of 
arsenic, and fumes of antimony, and in the E. F., gives a brittle globule 
of copper. Decomposed by S. 

It IS found in masses wLtk or without gangue. They are. easily 
distinguished by their color and lustre, and their granular appearance. 
Tliey often have blue or green stwns like other minerals of copper. It 
sometimes resembles compact Galenite, but its color is a much lighter gray, 
and it has no tinge of blue. It resembles Ohalcocite, but this is seetile and 
less bright, and it does not have the same density. Boumonite has a con- 
choida! fracture, a resinous lustre, and is not so hard. It is distinguished 
by the color of its streak, from Hematite, Magnetite and the oxides of 
Manganese. The blowpipe distin^ishos it from other minerals. It is 
worked for copper and often for silver. 

It has been found in Arkansaa, California, Arizona and ISfevada. 

THE CItTSTALS. 



PL XSSJl. 

Mg.i. ~. ~^~. Mg.5. ~ 0=0. J%. 6. -^. coOco. JS^.T. 

2 02 O 

— . ■ ■ Mg. 8, CO O. CO CO. -^ ; with the rhombic dodec- 
ahedron predominating. Ii^ff.9. — g— - coO- ^3- ^*'- The preced- 
ing, with |0, Hj, 11. The form ii??. T, with — — . andcoO. Fig. 12, 

^^. C»0oo. 03 0. — ^^- 00 03. ^3.13. The preceding, 
withfO. ^i*^. li. Interpenetrating tetrahedra; composition -face 0. 
J^. 15. Interpenetrating tetrahedra. Mt/. 16. Twin crystal, formed by 
repeated twinning similar to the preceding figure. 

Clialcanthite. Cu S-l-5 S. Triolihio, 
Syn, — Oyanosite, Blue Vitriol, Kupfervitriol, Cuivre sulfate. 

It is rarely found crystallized, but is generally amorphous, sometimes 
concretionary and mamelonated on the surface of gangues. Lustre, vitre- 
ous. Transparent, translucent Color, dilFcrcnt shades of blue. Strealt, 
colorless. Brittle. Taste, metallic and astringent. H.=2.5. C=3.13. 
Composition, Cu 31.8, S 32.1, II 36.1. 
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Pyr. &C. B. p. In a closed tube, yields water and tlieii S. Oa 
Ch., ill the E, F., gives metallic copper. Soluble ia water. 

It ia frequently found in abandoned mines of copper as an accidental 
product resulting from the decomposition of Otialcopjrite, produced by 
hot damp air, It lias all tbe characters of the sulphate of copper of the 
laboratories. 

It has been found in the copper mines of Tennessee and Georgia. 

PI XXXII. 
Fig. 17. P'. 00 1". co'P. a)P<». cofoo. qo'P2. 2 1" 2. 
BrocliantUo. 2 Ou' S+Ou fl+i H. Orthorhombio. 
Sys, — Krisuvigit, "Warrington ite. 

It crystallizes as a right rhombic priam of 104° 30'. It k generally found 
in groups of acicular crystals. It has an easy cleavage parallel to the 
braohypinacoid. Lastre, vitreous, pearly on Uie cleavage faces. Trans- 
parent, translucent. Color, emerald-green. Streak, paler than color. 
H.=3.5-4. «.=3.78-3.37. Composition, On 69, S 19.9, 3 lU. 

Pyr. &c. B. P. Ill a closed tube yields water, and afterwards S. 
On Ch., in the E. F., gives melaljie copper. 

It resembles Malachite in its exterior characters. It is found in little 
crystals which cau rarely be measured, as they are very generally capillary. 
It is also found in little mamelonatcd and fibrous masses. It is disthi- 
guished from Malachite, by not effervesciog. They are both soluble in 
ammonia, but Brochantlte gives a precipitate with chloride of barium. 
It resembles Atacamite, but has a lighter color. The blue color so easily 
shown before the blowpipe with Atacamite, is less easily produced with 
Brochantile. It has been found in Cornwall, Pa. 



PI. XXXII. 

Fig. 18. CO fee ooP. fax P co. 

Atacamite. Ou CI S-i-3 Cu £r. ORTHonnoMEia 
Syn. — Salakupfererz, Cuivre chlorur^. 

It crystallizes as a right rhombic prism, of 112° 20'. Cleavage perfect, 
mrallel to the braehypinaeoid, imperfect, parallel to the macropmaeoid. 
The crystals are quite small. The fracture may be unequal, concnoidal or 
fibrous. Lustre, adamantine and vitreous. Color, daik emerald-green. 
It h much nearer olive-green than Malachite. Streak, apple-green. 
H.=3^a.5. C{.=4-4,3. Composition, to 53.6, CuCl 30.2, S 16.2. 

Pyr. &c. B. P. In a closed tube gives off water. On Oh., fuses 
and gives an intensely blue color to the flame, before it is reduced. AU 
the salts of copper when heated wilh IICl show this character, but as the 
chloride is much more volatile than the others, it shows it in a higher 
degree. Itissoluble in acids, without effervescence and without residue. 
Ammonia dissolves it, and colors the solution blue. 

It is found someUmes in httle crystals, sometimes in little fibrous tufts 
covering a gangue, which is generally one of ihe oxides of iron. This 
coating is made up of crystals joined together, showing bands of different 
shades of green like Malachite. These fibers are closer together than in 
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Malachite, so tliat the laatte is not silky, it is also found as very small 
crystals, lining cavities in certain lavaa. It ia also found as sand, which 
can be distinguished by its color. It results from the action of water on 
large masses. It ia found in this atato, at Atocama, in Chili. Wliea it ia 
found abundantly, ag ia Chili, it is a valuable ore of copper. 



P;. XXXII. 
Kj. 19. 00 P. Poo. CO Poo. 

£.i)>etheulte. <^u* J^+3. OicTHORnoMBic. 
S y H. — Apherese. 
'It crystallizes as a right rhombic prism of 92° 20'. Its usual forms are 
a combination of the prism, rhombic octahedron and bracbydorae, giving 
the crystals a roof-shaped appearance ; the faces are very often curv- 
ed. It hag a very indistinct cleavage parallel to the macro- and bracby- 
pinacoida. Fracture, conohoidal or uneven. Lustre, resinous. Translu- 
cent, opaque. Color and streak, dark olive-green. H.— 4. G,=3,6-3.8. 
Ooraposition, Cu 6«.5, P 29.7, S 3.8. 

ryr, Ac. B. P. In a closed tube, yields water and. blackens. 
Fuses and oolors the llame green. On Oh., gives metallic copper. Solu- 
ble in X 

It is often found globular, or mamelonated, associated with Quarts and 
Chalcopyrite, 



PI. XXXII. 

Mff. 20. 00 P. P OD. P. 

Olivenite. Ou' ( Ss, ?) -t-S. Okthorhombic 
—Olive Copper Ore, Olivenerz. 



It crystallizes as a right rhombic prism of 92° 30'. Its crystals usually 
show a combination or the prism and the macro- and brachypinacoids and 
domes. It has an easy cleavage parallel to tike prism. Its fracture iso 



choidal or tmeven. Translucent, opaque. Color, dilferent shades of green, 
brown, yellow or grayish-white. Streak, olive-gree ot b o vn B ittle 
H.=3. G.=4.1-4.4. Composition, On 57.4, S. 3 7 ? 7 fi 2 

PjT. &c. B. P, In a closed tube, gives off t T es t 
coloring the flame bluisb-green and giving a crystall a^ 1 g 

On Ob., deflagrates and gives arsenical fiimes. W th d tb P P 

gives a button of copper. Soluble in S. 

It is often found in fibers of a very light green 1 wl h ft 

very much bent; it is sometimes found lamellar o ga 1 d ly 

quite earthy, of a grayish color. It ia usually found co t f, ■^ t d 

with Quartz. Some varieties resemble Libethenit« b t h y a! 

ly be distinguished by the greater quanUty of arsen p t and h n 
crystallized, by the general absence of octahedra. S m f th fil ns 
varieties resemble Atauamite, but are distinguished by th bl wp p 
PI. XXXII. FORMUKa; of the crystals. 

i^?. 21. coP, coFco. coi^co, Pco, Pco 

Ltroconite. Ou' (Is, ^) + (iGa'+l SI) fl'-f9 It. MoNocLnjio. 

Si'N— Linsenerz, Cbaleophacit, 

It crystaHizes as an inclined rhombic prism of 74° 21'. It generiUIy 



.d by Google 



170 LECTURES ON MIXEBALOGT. 

Bhowa the prism and clinodome giving the crjstals a roof shaped 
appearance. The crystals are generally quite sinill Its frarture is 
conchoidal or uneven. Lustre, vitieoii=. Trans!uci,iit Color and 
streak, blue or green. H.=2-2 5 «.=2 882 2 98j Composition, Cu 
36.38, ta 23.06^3.73. SI 10.85, S 25.01. 

Pyr. &C. u, P. In a closed tube gives off water, and turns olive- 
green. Cracks, but does not decrepitate, and fuses to a dark gray slag. 
On Ch., cracks, deflagrates and gives the reaction for arsenic and copper. 
Soluble in St. 

It J3 usually associated with other ores of Copper, The blue vari( 
resemble ChiJcaiithite, but can be distinguished by their insolubility. 



PL XXXII. 
Fig. 22. CO P. P Co. 

malachite. On' 0+fl. Monoclinic. 
Stn. — Green Carbonate of Copper, Ouivre carbonate vert. 

It crystallises as an inclined ihombio prism of 104" 28'. Crystals are 
generally very small and rare. They are not often sufficiently distinct to 
admit of being measured. It has aa easy basal cleavage. It is found 
crystallized in silky tufts, made up of crystals which are more or less dis- 
tinct; these crystals are sometimes traasluoent, and are always intensely 
greeii. These silky tufis are often scattered over a gangue. It is ofteu 
found as largfe crystals, which are pseiidomorphs after Cuprite or Aeurite. 
Its fracture is unequal, couchoidal, or fibrous in the concretionary varieties, 
lustre of the crystals adamantine, of the fibrous varieties, silky ; sometimes 
dull or earthy. Translucent, opaque. Its color is green, and may be of 
different degrees of intensity. Streak, paler than color. II,=3.3-i. 
G.=3.7-4.0L Composition, Ou 71.9, C 19.0, H 8.2. 

Pj'r. &c 13. P. In a closed tube blackens and gives off water. 
It melts at2, coloring iheflame green, and gives a sooriaoeoua mass. In the 
R r^ a globule of metallic copper is easily produced. Soluble in acid 
with effervescence. 

It is usually found in coacretjonary masses, which have a fibrous frac- 
ttire, rarely conchoidal. Their lustre is silky and velvety. These masses 
present a variety of shades, which are owing to different causes, a change 
m the direction of Uie fibers, a diflerence in the state of hydration of toe 
mineral, or an admixture of other substances. This banded, silky and velvety 
appearance, causes Malachite to be much sought for, as an object of orna- 
ment. It is often found mixed with other minerals, which cause a change 
in the tint of the green. Some varieties mbl Ohry 11a, b t a 

distinguished by effervescing with ac 1 It a I abl f 

copper, when found in large quantities. It mhusdf atilesf 
ornament, and is often employed forv gig tl shaa 

tables, doors, &c. A mass weighing 40 1 as f d S b It 

has been found in small quantiiies, in m t f th i p es f th 

U.S. In Cornwall, Pa., it i! 

light green color. 



PI. XSXII. 
J. 23. CO P. CoPco. OP; twin crystal, composition-face Ce P CO. 
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Azurlte. 2CuC+Cufl. Monoclinio. 
Sy».— Blue Malachite, Chessy Copper, Kupferlaaur, Cuivre carbonate blea. 

It crystalliaes as an inclined rhombic prism of 99' 32'. It has tracea 
of cleavage parallel to the clinodome. Tlie primitive fonii of the crystal 
is very rare, but complex crystals are often, found. Ddlached crystals are 
not common ; they ace usually scattered over a gangae or lining caviUea. 
Ita fracture is conohoidal. Lustre, vitreous, nearly adwnantine. It is 
transparent, translucent or opaque. Its color is azure-blue, wliich is more 
or less dark. Streak, Lghter thau color. Brittle. H.=3.5-4.25. ©.= 
3.5-3.831. Composition, Cu 69.2, 25.6, fl 5.2. 

Pyr. &c. B. P. Like Malachite. In acids it is soluble with effer- 
vescence, wbich is not immediate but requires beat. 

It is sometimes found as conctetionarj^ masses in mamelons, which are 
sometimes so close together as to become joined. The little crystals which 
protrude from the swface, tiien give it a velvety lustre. It has been found 
in little balls which are evidently the product of decomposition, since they 
contain some oxide in their interior. The.massive pieces do not always have 
a uniform color, but are found as concentric zones, made uj) of different 
shades of blue. They are also very fi'equently associated with other sub- 
stances such as sandstone, &o. It is also found earthy, when ithasnoother 
character than its blue color, wliich is lighteJ thaii ordinary, as it is frequent- 
ly mixed with day, marl and sand. The crystalline varieties have a color, 
which prevents their being mistaken for anything else. The earthy 
varieties often resemble Lapis-Lazuli or Tivianite. Before the blowpipe it 
can be immediately distingubhed tmm the former. The lustre of the 
earthy varieties of Tivianite is quite different, but it can easily be distin- 
guislied by tlie blowpipe or by acids. It has been reproduced artificiaUy, 
with the same crystdline types, by submittiDg Cu CI, and an alkaline car- 
bonate to a high temperature, in a closed vessel for a long time. When 
found abundandy it is a valuable ore of copper. It has been found in 
many of the copper mines of the U. S. 



PI. ssxn. 

i^j. 24. coP. OP. ~P. ifco. Mg. 25. OP. ccP. Co P oo. 

—P. iP. ■iPoo.Pi.XXXIIL K9I. OP. CoPoa. coP.-iPco; tabular 

crystal. Fig. % OP. -IPco, CoP. —P. it co. 

IHERCURY. 

Mercury. ilg. Isomkthio. 

Syn.— Quicksilver, Gediegen Quccksiibcr, Mercure natif 

When solidified it crystallizes in octahedra. Lustre, metallic. Opaque. 
Color, tin-wliite. G,= 13.568. Composition, pure mercury, sometimea 
with a little silver. . 

Pyr. &c. B. P. On Ch., completely volatilized. Soluble in H, 

Mercury is found in some rock^ haying all the properties of the ordinary 
metal It is usually found in globules in cavities associated with Cinna- 
bar. These globules are sometimes strung together and are col very 
fluid, as the mercury is not pure, but frequently contains silver. It some- 
times octurs not associated with Cinnabar. In California, geodes 01 
Quartz containing several pounds have been found. It is a very rare 
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mitteroli and has been found in states of different geological figes. It ia 
also found iu pockets. 

Cinnabar, Hg S. Hexagonal. 
Syn. — Cinaabarite, Zinnober, Cinabre, Mercure sulfure. 

It orystallizea in a rhorabohedron of 92° 38', with eleavagea parallel to 
the hexagonal prism. It is frequently found in crystals lining the sides of 
cracks. Besides the rhombohedron B, it frequently has a large number of 
faces belonging to other rhombohedra on. the edges of the hexagonal 
prism. The flat crystals are usually transparent. It ia also found in 
lamellar and fibrous masses. Generally it is in larfjo granular masses, 
sometimes fibrous or compact. Its fracture is eonchoida! or uneven, both 
in the crystals and crystalline masses. Lustre, adamantine ou the faces of 
crystals, dull on the corop.wt Tarieties. The crystals are transparent, 
translucent, or opaque. The color is cochineal-red, inclining to violet. 
Streak, characteristic vermilioii-red. When it is impure the color is often 
black, hut the streak is always red. It absorbs light easily, which often 
makes it opaquQ. It is tlie moat refringent of all known bodica. H.=2- 
-2.5, CJ.=8,998. Oomposition, Hg 88.3, S 13.8. 

Pyr. &c. B. P. On Ch., it volatiliaes without residue. In a tube, 
gives a red sublimate. It is not attacked by acids and is the only sulphide 
which is not acted on by aqua regia. 

When it is pure it is easily recognized by its color and its high density. 
It is often impure, bein^ scattered through bituminous hmestones, when 
it is very black. It might be mistaken for Prouatite, Eutlle, Realgar or 
Orocoite, but it can always be recognized by its density and streak. It ia 
very rare that the black varfeties do not show some filaments, which have 
the natural color of the mineral. 

Cinnabar is the ore of mercury, from which most of that used in com- 
merce is obtained. It is sometimes ground and used as a pigment, called 
vermilion. The principal supply in the U. S. comes from California, 

PORltCtJi 07 THE OBVSTALS, 

PI. xxxni. 

M^. 3. R. OR. 03E. Mg. 4. co R. -|R. -4 R, -2 R. 
-|R. E. tR. 2P2. OR. Mg. 5. E. OR. a> E. ^E. 

Calomel. Hg' CL Tetragonal. 
Syn. — Horn Mercury, Queeksilberhomerz, Ohlormereur, Mercure ehlorur^. 

The usual form ia the prism of the second order, with the octahedron of 
the first order. Fracture, conchoidal. Lustre, adamantine. Translucent 
Cleavage, parallel to the prism of the second order. Color, -white, gray or 
brovfn. Streak, yellowish- white. It has tlie consistency of horn and is 
easily cut into thin, transparent shavings. H,=l-2, G,=6.482. Com- 
position, Hg 84.9, CI 15.1. 

PjT, &C. B. P. In a closed tube volatilizes without fusion. On 
Ch., volatile without residue. Soluble in aqua regia ; decomposed by 
alkalies. 

The niineralogical assay of all the minerals of Hg, is very simple. 
By heatin" tliem in a tube with a little soda, almost to fusion of the glass, 
globules of metallic mercury condense. It is sometimes found in the cavi- 
ties of Cinnabar, or on the rocks which contain it. 
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PL XXXIII. 
Fig.^ 00 Poo. P. 

SILVER. 

Silver. Ag, Isomethio. 
Syn.— Gediegen Silber, Argent natif. 

It is usually found in cubes and ootihedra, alone or together, or aome- 
timea associated with the rhombic dodecahedron, and very often in tetra- 
hexahedra. Twins are quite common. The crystals are usually distorted. 
Arborescent forms are also found, which are made up of distorted octahe- 
dra, branching from a given direction. Lustre, metallic. Color and 
Streak, silver-white, but liable to tarnish. Ductile, sectile. II.=2.5-3. 
C— 10.1-11.1. Composition when pure, silver, but it is usually associa- 
ted with gold or other metals. 

Pyr. &c. B, P. Native Silver has all the characteristics of Ag. 
Ott Ch.| fuses easily to a metaliic globule. In the 0. P., gives a brown 
coating. Soluble in ^ ; the addition of a drop of HCl, shows a precipitate 
of chloride of silver. 

The density of Native Silver is not generally equal to that of melted 
silver, butis aomewhatless and sometimes it has no more rin^ than paat^- 
hoard. These same characters are shown by silver precipitated by the 
galvanic battery, wliich has given rise to the opinion that this may have 
been the way in which it was formed. It is often found in filaments 
which are more or less white, and bent in every direction. These 
filaments, as well as the crystals, are ordinarily in a gangue of Calcite. 
Those which are seen disengaged in collections, have been separated by 
acids. The silver which is used in the arts is never pure. For coins in 
this country, it is alloyed with 10 ^ of Cu. Pure silver in the arts, is said 
to be 12 pennyweights fine. It is s^d to be 11, 10, 8 or 9 pennyweights 
fine, according to the quantity of alloy it contmns. A mass of Native 
Silver from one of the Mexican mines, weighed 400 Ibs^ and at Freiberg, 
a mass weighing 1400 lbs. was found. It is found associated with a large 
number of minerals. In Lake Superior it occurs with Native Copper. 
It occurs in Idaho in large masses, associated with Oerargyrite, It is 
usually the result of the decomposition of other silver ores. 



PI. xxxin. 

Mp. t. coOo). Mg. 8. 3 03. J%. 9. Hemitrope, compoaition- 
face 0. Fig. 10. Hemitrope of the cube. Fig. 11. The same, but 
upon the other face of the 'octahedron. Mg. 12. The hemitrope, iKg. 
10, flattened in the direction of the diagonal. 

Amalgam, Ag Hg°. laomETiuo. 
Syn,— Silbcrnmalgam, Amalgam nati£ 

It is always crystallized as a rhombic dodecahedron, very highly modi- 
fled, but Ihe faces are rarely distinct, as a separation of silver and mercury 
takes place after a certainiJmc, so that the crystals become distorted cuid the 
edges rounded; sometimes it spreads out, and is imbibed by the rock,. It 
shows traces of cleavage, par^lel to the faces of the rhombic dodecahe- 
dron. Its fracture is conehoidal. Lustre, metallic. Opaque. Color and 
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streak, silver-white. Brittle; makes a creaking noiso when cut 'witli a 
knife. H.=3-3.5. G.=10,5-X4. Composition, Ag 34.8, Hg 65.2. 
There is no invariable fonnula for this mineral, but the Ag and Hg oscillate . 
around the one given. These two metals become alloyed in different 
proportions, without losing the property of crystallizing. 

I»yr. &c. B. P. On Oh., the Hg is driven oS£, and a globule of Ag 
remaina. In a closed tube the Hg sublimes and leaves the Ag. A strip 
of copper is whitened and an. amalgam of Cu and Hg is formed. Soluble 

It is found associated with Cerargyrita and Calomel. It resembles Native 
Silver, and is almost always crystallized. It does not lose its color or 
become black as easily as die former. Still the blowpipe must be used to 
discover the pi-esenoe of mercury, before it can be distinguished with 
certainty. 



PI. XXSIII. 
Mg. 13. ooO; characteristic form. Mff. 14. coO. 0. My 15. 
ooOoo. ooO. Mg. 16. 2 2. toO Mg 17 <x,0. co co. 
202. 05O3. 30f. O. 

Argeutite. Ag S. Isometkic 

Syn. — Vitreous Silver, Silver Glance, Glaserz, Silborglanz, Argent sulfur^. 

It is often found in cubes, octahedra, letragunal trisoetahedra and hex- 
oetahedra alone, but usually combined one with the other The crystals 
are sometimes very distinct and are often grouped. It is also found in 
wiry filaments; It baa indicalionB of a dodecahedrai cleavage, which are 
not very distinct. Fracture, eonchoidal or uneven. Lustre, metallic. 
Opaque. Color, deep iron-black with very little lustre 6n the natural faces. 
Tie lustre is however bright on the fracture. Streak, same as color and 
ehiniug. It is ductile, receives and retains the mark of the hammer. It 
is flexible, but not elastic. When it is pure it can be cut with a. knife, 
giving curved diavings. H.=2-2.5. C!.= 7. 19 6-7.365. Compodtion, 
Ag87.l, S12.9. 

Pyr, &c, B. P. Melts in a flame without the aid of a blo'vn)ipe. 
In the O. F., it is roasted. In the R F., gives a metallic globule. Solu- 
ble in ^. 

It is also found as amorphous masses disseminated in gangues, which are 
ijsuaily limestone ; these masses have a variable, eonchoidal fracture which 
is rarely lamellar. It often shows in the fl-aeture that it is both ductile 
and tenacious. Its softness and the look of the fracture make it resemble 
Bouruonite, but this is more brittle, while Ai^entite can be cut with a 
knife. The blowpipe rives with this a globule of silver, with that a 
globule of copper and lead fumes. The specific gravity is much higher 
Uian any of the copper ores which it resembles. Its a veiy valuable ore 
of silver. It is mined as an ore in Nevada. 



PI XXXIII. 

Piff. 18. CO Oca 0; a very frequent form. Mg: 13. coO. Mg. 19. 
OoOco. 202. Fig. 20. 2 02. i^ip. 21. 2 02. coOco. 
Mg. 22, 2 02; lengthened vertically. 
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ProustlCe. 3 Ag S+As" S". "Hexaqosal. 

Stn. — Ruby Silver Ore, Arsensilberblende, Argent rouge arsenicale. 

It cryfitalliaes ss a rhombohedroii of 107° 48' ; its usual forma are tlia 
hex^orxa] prism and rhombobedron, the scaleahedroii or hexagonal prism, 
and hex^onat pyramid. The forms ato almost as numerous as those of 
Calcite. Tke number of faces is so large, that the crystals usually have a 
rounded appearance. Fracture, conchoidaloruneven. Lustre, adamaaUne. 
Transparent, translucent ; highly refiingont. Color and streak, cocbineal- 
red. H.=2-2.S. «,=: 5.422-5.56. Composition, Ag 65.4, S 19.4, 
As 13.2. 

Pyr. &c. B, P. In a closed tube decrepitates and fuses easily, 
^ving a slight sublimate of sulphide of arsenic. In an opea tube, gives 
sulphurous fumes and Ss. On Cb,, gives tbe smell of sulphur and arsenic. 
After long treatmeat in tbe O. P., it gives in the E. F. a globule of silver. 
Soluble with difficulty in tlie oxidizing acids. 

It is sometimea found in capillary masses, and often amorphous or crys- 
talline, associated with other ores of silver. There are two extreme 
Sies of Red Silver, having the same general formul:e, and the same crys- 
line form, except that in one tbe arseaio is replaced by antimony. 
There is evecy possible gradation between the two limits. The arsenical 
variety, or Proustite, is called Light Bed Silver, and tlie antimonial, or 
Pyrargyrite, Dark Red Silver, It has been found in the U, S. in 
Nevada, Idaho and N, 0. 

Pyrargyplte. 3 Ag 8+8b° S'. HEXicosii. 

Stn.— Ruby Silver Ore, 

Its primitive form is a rbombohedron of 108' 42'. It very frequently 
occurs as hexE^onal prisms so highly modilied as to appear rounded. 
Simple crystals are quite rare. It has an indistinct cleavage parallel to 
the rbombohedron. Praotuce, conohoidaL Lustre, metalUo, adamantine. 
Translucent. Color, black, or very dark red. Streak, cochineal-red, 
e.=2-2.5. 0.=5.T-5.9. Composition, Ag 59.8. Sb 23.5, S 17.7. 

Pyp. &C. B. P. In a closed tube, gives a red sublimate of sulph- 
ide of antimony. In an open tube, sulphurous fumes and a white sub- 
limate of antimony. On Cb., fuses and coats the coal. Heated for some 
time in the 0. P., in the R. F., a globule of alver is obtalneii Decompos- 
ed b^^ 1*. 

It is sometimes found in capillary crystals or as amorphous masses as- 
sociated with other ores of silver. It resembles Proustite. The color of 
the two minerals is red, which is more or less bright, In Pyrar^yrite it 
is so intense, that the mineral appears black and opaque. But there are 
almost always some thin points, where tbe color can be seen. Proustite 
b much lighter and is often transparent. When compact or capillary, it 
can easily be distinguished from Cinnabar, Cuprite and Hematite, by the 
Streak and blowpipe reactions. 

It is a valuable ore of silver and has been found in considerable quanti- 
tiea in Nevada and Idaho, 
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PI. xxxiir. 

Mg. 23. 00 P 2. E. Pig. 24. coP2. -iK. ~- Mg.2S. 
R3. Fl.XXSTf. Mg. 1. coP2. ~- -iS. -2R. R3. JES. 
SR3. -4R3, ^jj. 2. Cor2. E3. JRS. ^^; hemitrope, com- 
position-face OR -Fi'sf, 3. -JB. coP3; Win consisting of four iadi- 
Tiduals, compositioQ-face -^ R. 

Stcplianlte, 5 Ag S+Sb' S'. ORTHORHOMBia 
Syn. — Brittle Silver Ore, Sprodglaserz, Melanglanz, Argent sulfure fragile. 

It crystalliaea as a right rhombic prisni of 115° 39'. Its forma are 
usually the prism and brachypinacoid. The prisms are always striated. 
It has an indistinct deavage, parallel to the brachypriam and pinaooid. 
Fractura, conchijidal or uneven. It has a bright, metallic lustre. Trana- 
lucont on the edges. Color and streak, black. H.=2-2.5. «.=6.2e9. 
Composition, Ag 68.5, S 16.2, Sb 15.3. 

Pyr. &c. B. P. I^ a closed tube, decrepitates and fuaeti; in an 
open tube gives fumes of sulphur and antimony. On Ch,, decrepitates 
and fuses, giving the rose-colored coating of silver and antimony. After 
long treatment in the O. P., in the R, P. a globule of silver is obtained. 

By its form, color, streak and lustre, it can easily be recogniaed. It is 
a vduable ore of silver and is mined in Kevada. 



Pi. XXXIV. 
Mg i. OP. P. 2Pco; resembles a truncated hexagonal pyramid 
Fig. 5. OP. CO P. coPco. Mg. 6. CO P. coPos. P. 2? CO. 
OP. iP. Mg. 7. The preceding, witb co P Co and 2P. 

Polyliasite. 9 (Ag, Gu) S+(Sb, As)' 8°, OnTnoRnoMsio, 
S™.— Bugenglans. 

It crystsdiizes as a right rhombic prism, the angle of vfhich ia very near 
120°. The crystals are usually hexagonal in shape, and are frequently 
quite flat^ showing but little of the prism. Fracture, uneven. Lustre, 
metallie. Translucent in thin splinters. Opaque, Color, black, but In 
thin splinteiB by transmitted light, cherry-red. Streak, black. H,=2-3. 
«.=6.21i Composition. Ag 64.7, Cu 9.8, 3 14.8. 8b 9.7. 
Pyr. &c. B. P. In an open tube, fuses and gives the sublimates 
-1 Oh " ■ P ~ . . 



of sulphur and antimony. On Ch., fuses, gives reactions for sulphur and 
antimony. With fluxes, gives reaction forcopper. Decomposed by ff. 

Quite a number of minerals are frequently described under this name ; 
they are all quite analogous to Red Silver in their external characters. 
They aro more opaque however, and their streak also has a brown color 
It has been found in Nevada. 
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Ccrargyrite. Ag 01. Isometkio. 

StN.- -Horn Silvei', Silberhornera, Hornsilber, Chlorsi lb er, Argent novaS, 
Argent cLlorur^. 

It crystallizes in cubes, oetahedra, rhodbic dodecaliedra, or oombina- 
tiona of two or more of them, Orystala are quite rare. Tlie largest 
known came from, the Poorman'a lode, Idaho. Practurej conchoidal. 
Lustre, resinous. Transparent, translucent Opaque, Oolor, white, gray, 
grayish-green, or colorless when perfectly pure. Streak, colorless and 
shining, Sectile, having about the consistenoy of horn ; when cut with a 
knife it gives curved shavings, H. =1-1.5. C=5.31-5.43, Composi- 
tion, Ag 75.3,0124.7. 

Pit. &e. B. P. In a closed tube fuses without decompoaition. 
Fuses in a flame of a candle. On Ch., gives a globule of silver. Insol- 
uble in S, but soluble in Ammonia. 

It is usually found as a coating, wliich is aometinjes wax-liko and some- 
times fibrous. It is subject to alteration when exposed to the light ; it 
then loses its color and becomes brown. It ia mined as an ore of ^Iver 
in South America. Extensive deposits have been found in Arizona and 
Nevada. 

PI sxxiv. 

JV- 8. OoOco. JS/, 9. 0. Mg.lO. coO. JRj. II. c» cd. 0. 

Bromyrite. Ag Br. laoHernic. 

Syh, — Bromio Silver, Bromsilber, Bromit, Bromargyrite, Broinure d'argent. 

It crystallizes in cubes, octahedra, or a combination of the cube and 
rhombic dodecahedron. Crystals are quite rare. Lustre, splendent 
Color, when pure, yellowish-green, often a darker green, when altered. 
H.=2^3, G.=5.8-6, Composition, Ag 57.4, Br 42,6. 

Pyr, &e, B. P. In a closed tube acta like Cerargyrite. On Ch., 
gives vapors of bromine. Insoluble ia S, soluble with difficulty in am- 

It is usually found as small concretions or coatings. It oceura in S. 
America, associated with other ores of Silver, but it is a veryrara mineral 

FORMULA OF THE CRYSTALS. 

JPl. XXXIV. 

Mg.8. osOco. Mg. 9. 0. Fiff. 12. coO. ccOco. 

EmboHto. Ag (CI, Br), IsouETaro. 

Stn.— Ohlorobromide of silver, Chlorbromsilber, Megabromit, Mioro- 
brojiiit, Chlorobromure d'argent. 

It is found in combinations of the cube and octahedron, but crystals aro 
quite rare. Lustre, resinous. Translucent, opaque. Color, vmious shades 
of green, usually with a yellow tint, which becomes darker on exposure, 
H.=l-1.5. 0.=5.31-5.81, Composition, Ag 695B, Br 14.30, C116.42; 
the relation of the chlorine to the bromine may yary indefinitely. 

Pyr. &c. IE. P. Acta like Cerargyrite, but gives the reaction for 
Bromine, 12 
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It IE found associated witli Cerargyrite and Bromyrite generally b 
ooatiag, which has sometimes a columnar structure. 



Pi. XXXIV. 

1^.8. coOco. Mff n. coOc». 0. i^. 13. coO. ooOoo. 

lodyrito. Ag I. Hueagohal. 
Btjj. — Iodic Siher, lodsllber, lodit, lodargjrit, lodure d'argent 

The crystals are quite small and rare. Cleavage perfect, parallel to the 
base. Lustre, adamantine, resinous. Translucent. Color, sulphur-yellow, 
canary-yellow, sometimes greenish or brownish. Streak, yellow. In 
thin plates it is flexible and sectile, hut in masses it is brittle. H,=:l-1.5. 
0.=5.&-6.71. Composition, Ag 46, 1 54. 

Pyr. &c, B. P. In a closed tube, fuses and is orange-yellow 
while hol^ but resumes its color on cooling. Fuses in the flame of a can- 
dle. On Ch., gives fumes of iodine and a globule of silver. ■ 

It is usually compact, with a more or less lamellar structure. It has 
been found in AiiKOna. 



Oold, Au. IsoMETitio. 
Stn.— Gediegen Gold, Or natif. 

It is found crystallized in cubes, octahedra, tetrahexahedra and rhombic 
dodecahodra. Sometimes faces of the tetragonal trisoclahedron and 
hexootahedron may be observed. The octahedron is sometimes hemitrope 
or hollow and the crystals are often rounded. Lustre, metallic. Color And 
streak, different slmdes of yellow. Ductile, malleable. H;=2.5-3. 
G. =16.16-19.34. Composition, when pure, Au, but generally it contains 
traces of other metals. 

Pyr. &e. B, P. Fuses easily, but gives no reaotions with fluxes. 
Soluble ill aqua regia. 

Native Gold haa all the characters of ordinary gold ; it is sometimes of a 
lig ti h 11 w h ilver or lead. It is found in wiry 

m ss mad p ra or cubes joined togetlieri resera- 

bl N S "JO found in thin sheets or dendrites 

on ce m T rdinary gangue of Gold is Quarts, 

bi an m allic sulphides. It is not combined 

w h ti m in little peUels. The sulphides are 

th g gu h Q metimesis. The rocks which con- 

tain Gold, ha\ e often b com mposed and broken up, and the pro- 

ducts of this alteration have been washed out, thus forming the alluvial 
■auriferous sands. The scales in these sands are flattened, the size of the 
scales depending on the condition of the Gold in the vein. "When these 
panda are treated for Gold by washing, the scales are easily separated, on 
account of their high density. The large rounded fr^ments found in rich 
sands are called nuggets. Some of these nuggets are of considerable size. 
The following table gives the weights of a few of the principal ones. 
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Paraguay 50 

146 Cabarrus Oo.,lT.C., 37 

06 California 27 

37 " 17 

lu tte Eastern states Gold has been found principally in Tirginia, 
N, and S. Carolina, and Georgia, 

POEMOL*; OF TEE CRYSTALS, 

I>1 XXXIV. 

Mg. 13. 0, with cavernous faces^ Ms. 14. coOa. M^. 15. 3 3. 
"■ "* " " """ "~ 0. coO; flattened parallel 



P1,ATBNUM. 



SyH,— Platina, Platin, 



When crystallized it is found in cubes and octahedra. Fracture, hackly. 
Lustre, metallic Opaque. Color and streak, steel-gray. Streak, shining. 
Ductile, occasionally showing- polar magnetism, . H.=4^4.6. G.=16-19, 
Composition, Pt. combined ivith iron, iridium, osmium, and other metals. 

Pyr, &C, B, P. Infusible and gives no reactions with the fluxes. 
Soluble in aqua regia. 

Its density is very great^ but is less than that of Platinum which has 
been worked. It is between 16 and 19, while that of vrorked Platinum is 
22. In nature, Platinum is very frequently associated with other metals, 
which are rarely, if ever, found except associated with it, such as 
palladium, rhodium, iridium and osmium. The ores of Platinum have 
sometimes been found in place in Serpentines and Syenites. It is dissemi- 
nated in these rocks either as little grains, or masses, which are more or 
less large. The largest found weighed 21 lbs. In the collection of 
minerals at the Sdiool of Mines, Columbia College, there is a mass 
weighing 22.5 ozs. These masses have a metallic lustre, and the grayish- 
white color, peculiar to Platinum. Sometimes this mass is quite brilliant, 
but it is always more or less cavernouaorfiUedwith holes, which sometimes 
go completely through it. Somettimes it is quite black. The color varies 
with the place where it ife found. In Russia it is found black and white. In 
California it is white and brilliant^ while that from Oregon is darker. Be- 
sides the ores in place, which are quite rare, it is frequently found in sands, 
produced by the wash of the altered rocks which contained it. These 
sands contam not only Platinum and the metals which accompany it, but 
Magnetite, Hematite, Menaccanite and Chromite, and are more or less 
aurtferous, because Pyrite containing gold is often found in it. Tbo mine- 
rals found with Platinum vary with the locality. They can be very 
nearly separated from it. by mechanical preparation, The^ are known by 
the following characters. Platinum is found in smali irregular grains, 
which are more or less flattened and tin-white. Palladium is in Fmall 
grains more or less rounded, with a radiated fracture, which can be ensfly 
seen. These grains look like silver. These two are soluble in aqua regia, 
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while the others are not. The residue from the acid is made up of grains 
which are beni^. and contain rhodium and iriiUum. In these grains some 
crystals can be distinguished, whioli hare two parallel faces, with a regu- 
lar liexagonal contour and a grayish color. These are Iridosraine. 
Euthenium waa found in these groins of Iridosmine, in tlie proportion of 
alMut 3^. The ores of Platiaum usually contain. Pt. 90 ^, insoluble 
residue 10 ^, in which -J ^ ia Iridosmine, and 2 ^Ruthenium. All of 
these suijstaaces are infusible, except in the oxjhydrogen flame. 

KIUDEUM. 

Iridosmine, Ir, Os. Hkxaoosal. 
SrN.-T—Oam iridium, ITewjanskit, Iridosraiura, Sisserskil^ Osmiure d'iridium. 

It is usually found in hexagonal tables, rarely as hexagonal prisms, with 
the basal edges modified. Lustre, metalilc. Opaque. Color tin-white 
or steel-gray. Malleable with difficulty. H.=G-T. «.= 19.3-21.12. 
Composition, Ir 43-70, Ed 0.63-12.3, Pt 0-2.8, Ru 0^8.49, Os 17.2-.48.85. 

Pyr. &c. B. P. At a very high temperature, gives off fumes of 
osffiium. "With nitre gives the reactions for osmium. 

It is found generally in irregular, flattened grains. In this country it 
is Ibund principally inCftlilbmia. 

FOKMnL.a; of tee crystals. 
Pt XXXIV. 

^g. 18. (x P. OP. Fig. 19. co P. P. OP. 
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Acaclialite, . . 
Acerdese, . . . 
Achirite, . . . 
Acicular bismiith, 
Acicnlite, , . . 
Acide Boraciqne, 
Acide Carbonique, 
Actjnolite, 
A'ctinote, 
Adnlar, 
Adnlaria, , 
Agalmatolite, 
Agate, . . 
Aikinite, . 
Alabandine, 
Alabandite, 
Alalite, 
Alaiinatein, 
Albine, 
Albite, . . 
Alexandrite, 
AUoctroite, 
Almandiiie, 
Almandite, 

Aliimine fluat^e 

alcaline. 
Alumina Plios- 

phatSe, 
Aluminito, 
Alnninium, 
Alninocalcite, 



70 Alunogen, 

183 Amiilgam, 

69 Amalgam nntif, 

155 ■ "■ ■ ■ 



155 AmethjBt, 

14 Amethyst oriental,' 108 

14 Amianth, . . 

29 Aminntlius, . 

39 Ammonitini, . 

53 Ammoniaqiie, 

gS Buliatee, 

70 Amplubole, . 

18 Amphigene, . 

153 Ampbodelite, 

134 Analciine, 

184 Analdte, . . 

23 Analzim, . . 

. . 145 



111 

73 

53 Andradite, . 

113 Anglesite, 

37 Anhydrite, , 
36 Annobergite, 

38 Anorthite, 



173 



158 
113 Antimoine osidfi, 150 

Antimoine osidS 
113 octa^drique, 158 

110 Antimoine osid^ 

108 sulfuig, . . 160 

SO Antimoine sulfur^, 100 

111 Antimoine aulfnr^ 
111 nickelifere, 139 

12* 



f^re, . . . 
Antimonblende, 
Antimonblntlie, 
Antimonglanz, . 
Antimonite, , 
Antimonsilber- 

blendc, . 
Antimony, 
Apatite, . . 
Aphanyte, 
Aphei-ese, 
Aphthitalite, 
Aplome, . . 
Apophyllite, 
Aqnamailne, 
Aragonite, 
Argent antimoni^ 

aulfnrS, . . 1 
Argent cMornre, 1 
Argent com^, " 

Argentite, 
Argent natif, 
Argent rouge ai 

timoniale, 
Argent rouge ai 

seuicale. 
Argent sulfur^, . 
Argent sidfiiriS 

Arg^lea a porce- 

Arkanaite, 
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Arsenic, . . 
Arsenical pyrites 
Arsenic natif, 
Arsenic oxide, 
Araenic sulfur^ 

jaime, . 
Araenic Bulfiire 

Araenige sai 

Arsenikalfablera, 

ArscBikbluthe, 



Araenikaiater, 
Araeniosideritfi, 
Araenii, , . 
Ai'senMei, 



Arsensilberblonde, 175 

Asbeat, 

Aabestua, 



Asbol: 
Asbolite, 
Asparagus atone, 
Atacamite, 
Auffite, . , 
Auripigment, 
Autunite, 
ATentnrine, , 
Aventmino, , 
Azurite, , . 

Baicalite, 
Balas ruby, 
Baltimorite, 
Bamlite, 
Barite, 
Barium, 
Barjte suflat^e, 
Barytocalcite, 
Basal tiache Horn- 
blende, 



Borgki'ystall, 
Bergleder, 



14 Braunapath, . 



30 



Berzeline, . . 48 

Biaxial mica, . 44 

Bieberite, . . 13G 

Bimatein, . . ■ 57 

Biotite, ... 44 

Bismuth, ... 154 

Bismuth glance, 155 

Bismuthine, . . 165 

Bismuthinite, , 155 

Bismuth natif, . 154 

Bismuth sulfure, 155 
Biamuth aulliari? 

plumbo-cuprif Srel 55 

Eiamuth tellur^, 158 

Bittersalz, . . 109 

Bitterspath, . . 103 

Black Jack, , , 140 

Black lead, . . 13 

Blatterzeolith, . 78 

Blaueisenerde, , 124 

Bleiglana, . . lie 

Bleischweif, , , 148 

BleiTitriol, . . 149 

Blende, ... 140 

Blue iron earth, 124 

Blue malachite, 171 

Blueyitrol, , . 167 

Bog manganese, 138 

Bog ore, ... 119 

Bohemian Garnet, 36 
Bohmischer Granet, 36 
Bolopheilte, . 
Boracite, , , 

Borazit, . , 
Boric acid, . 
Bornite, . , 

BorBaure, . . 
Borsaures natron, 



Botrjolite, , . 66 
Bournonit*, . . 148 
Brauneiaenstein, 110 
Brauner glaskopfs, 119 
Braunite, , . . 130 



Brorait, 

Breunnerite, . . 106 

Brittle silver ore, 170 

Brochactite, , 168 

Bromargyrite, . 177 

Bromic silver, . 177 

BromMlber, , . 177 

Bromuie d'argent, 177 

Bromjrite, . . 177 

Bronzite, ... 3S 

Brookite, ... 145 

Brown hematite, 119 

Brown ochre, . 119 

Brown apar, , . 103 

Brucite, ... 69 

Brucite, ... 105 

Bucholzite, . , 03 

Bucklandite, pt, 40 

Buntkupferkies, 165 

Bustaraitc, . . 36 



Calaite. ... 113 
Calamine, . . 70 
Calamite,; . , 38 
Calamite, ... 39 
Calcareous spar, 98 
Calcite, ... 98 
Calcium, ... 91 
Calomel, ... 172 
Campjlite, , . 151 
Capillary Pyrites, 138 
Carbon, ... 8 
Carbonate of lead, 153 
Carbonate of lime, 98 
Carbonic acid, 
Camelian, 
Caaaiterite, . 
Castellite, 
Caatorite, . . 
Cat's eye, . . 
Cetestin, . . 
Celestine, . . 
Celestite, . . 
Cellular pyrites, 
Cerai^yrite, . 
Ceruse, . . 
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Ceruasite, . 
Ceylonite, 



107 



Chatasit, ... 76 
Chabazite, . . 78 
Chalcanthite, . 107 
Chalcocite, . . 184 
Chalcolith, . . 109 
Chalcopbacit, . 109 
Ohalcojtyrite, . 105 
Ohalcosine, , .184 
Clialcotrichite, . 103 
Chalybite, , . 137 
Ohaux carbonatSe, 98 
Chaus carbonat^e 

magnesif^re, 103 
Chaux ffuat^e, . 94 
Chaux phoaphat^e, 05 
Chaux sulfat^e, , 93 
Chaux sulfates 

Chemical clays, 
Cheasy copper, 
Chiaetolite, , 
Chloamthite, . 
Chloraatrolite, 
OhlorbromaUber, 
Cblorite, . . 
CMormercur, 
Chlorobroniide 

of ailTer, 
Ohlorobromure 

d'argent, 
Clilorailber, . 
Chondrodite, 
Christanite, . 
Cbromeiaenstein, 128 
Chrome mica, 
OhTomglimme- 
Chromic iron, 
Chrom.ite, 
Chrysoberyl, , 
Ohrysocolla, 
Ohryaolite, . 
Chrosolite du cap, 71 
Chrysoprasf 
Obrysotile, 
Cinabro, , 
Cinnabar, . 



Cinnabarite, 
Cmnamon Si 
Clausthalite, 
Cobalt, 
Cobalt 1 
Cobalt arsenical, 
Cobalt bloom. 
Cobalt gris, . 
Cobaltine, 
Cobaltite, 
Cobalt Pyrites, 
Cobalt sulfate. 
Cobalt sulfUrg, 
Cobalt Vitriol, 
Cockscomb pyrites 
Colopbonite, . 
Columbite, . 
Comm.oQ Mica, 
Copiapite, 
Copper, . . 
Copperas, 
Copper glance, 
Copper nickel, 
Copperpjrites, 
Copper uranite, 
Cordierite, 
Corindon, 
Comeine, 
Corundum, . 
Cricbtonite, . 
Crocoisite, 
Orocoite, . . 
Cryolite, . . 
Cube ore, . . 
Cuivre carbonate 

Ouiyre cai-bonate 

Ouivre chlomre, 
Ouivro gris, . 
Coivre hydrate 

silidi§re, 
Cuivre natif, 
CaiYre oxidale, 
OuiTre pyriteux, 
Cuiyre pyriteux 

hepatiqize, 
Ouivre sulphate, 
Ouivre sulfur^ , 



173 Cuprite, . 

36 Cyanite, . 
149 Cyannsite, 

135 Cymopliano, 

137 Cyprine, . 
130 

187 DatholJtc, 

138 Datolite, . 
138 Dauphinite, 

136 Davyne, 
135 Demant, 
138 Derb^ahirf 
135 Desmine, 

138 Diallage, 

133 Dialogite, 

37 Diamant, 

139 Diamond, 
44 Diaspore, 

134 Dichroite,, 
103 Diopside, 
133 Bioptaae, 
1«4 Disthen, 



165 Dolomite, 

163 Dry-bone, 

108 Earthy calamine, 

31 Eau, . . , 

108 Ecumo do ncr, 

138 Edler granat, 

153 Egeran, . 

153 Eia, . . 

112 Eiseoapatit, 

12fl Eiscnblau, 

Eiacnblutbe, 

171 Eisenglanz, , 

EiscnMes, 

170 Eisenapath, , 



167 Eisenrose, 
Eisonsinter, 

70 Eisenvitriol, 
163 Eiaspath, 

163 Eisatein, . 

168 Elffiolitc, . 
ElaoUth, . . . 

J65 Electric calamine, 
167 Bmbolite, 

164 Emerald, 
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J. 




Pigs 




Emeralfl nickel, 139 


Fowlerite, . . 


3G 


Grammatite, 


Emery, . , 


. 108 


Flowers of Silicia, 19 


Grammatite, 


Epidote, . 


. 40 


Fluorite, . . 


94 


Granat, . , . 


Epsomite, 


. 105 


Fluor spar, , . 


94 


Graphic granita, 


Epsom salt, 


. 105 




94 


Graphite, . . 


Erubescite, 


. 105 


Fontainbleau 






Erythrine, 


. 187 


Sandstone, 


19 


Gray antimony. 


Erythrite, 


. 137 


Frantlinite, 


116 


Gray copper ore, 


Essoaite, 


. 3G 


Fuchsite, . . 


44 


Grenat, 


Etain oxide, 


. 142 






Grenat resinite, 


Etain sulplmr 


. 143 


Galena, . . . 


146 


GieenoTite, 


Eaclase, . 


. 65 


Galenite, . . 


146 


Green caibonate 


Eugenglanz, 


. 17G 


Galmei, . . 


70 


of copper, 


Euklas, . 


. 65 


Garnet. . . 


35 


Grepn yifriol, 


Euphotide, 


. 25 


Gediegen anti- 




Giossul ire, . 


Euzeolith, 


. 78 


roon, 


I5a 


Grossular, 






Gediegeu arsen. 


150 


Giosanlante, 


Fahlerz, . 


, 167 


Gediegen blei, 


146 


Giunbleiera, 


False Topaz, 


. 16 


Gediegen eiaen. 


114 


Gyp-. 


Faserkieael, 


. 63 


Gediegen gold, 


178 


Gypsum, 


Easaaite, . 


. 24 


Gediegen kup- 






Peidapar, 


. 53 


fer, . . 


163 


Haarkies, . , 


Eeldapath, 


. 53 


Gedi^en queck- 




Haarsalz, . . 


Felsite, . 


. 55 


171 


Halite, . . . 


Fei- ai'seniate, 


. 126 


Gediegen silber, 


173 


Halites. . . . 


Fer araenical, 


. 135 


Gedigen sylvan, 


7 


Hard fahlunite, 


Eer azure, 


. 124 


Gediegen tellur. 


7 


Hard opal, . . 


Fer carbonate 


. 127 


Gediegen wismut, 154 


Harmotome, 


Per oarburfi, ' 


. 13 


Gelbe arsen- 




Hartbrannstein, 


Fer chromat^ 


. 138 


bJende, 


157 


Hartmanganera, 


Fer natif, . 


. 114 


Gelbbleiera,. . 


153 


Hauamannite, . 


Eei- oligiate. 
Per oxide roi 


. 117 


Gelbeisenerz, 


134 


Hauyn, . . . 


ge, 117 


Gyserit, . . 


31 


Haiiynite, . . 


Fer oxydule, 


. 115 


Gigantolite, , 


43 


Haydenite, . . 


Fer pliospha 


«, 124 


Glace, . . 


1 


Heavy spar, . . 


Per apathiqu 


, . ^37 


Glanzbraunstein 


130 


Hedenbergite, , 


Fer speculain 


; 117 


Glanzeisenerz, 


IIT 


Heliotrope, . . 


Fer sulphate, 


. 1S3 


Glanzkobalt, 


136 


Hematite, . . 


Fereulphui^ 


lane 123 


Glaserite, 


83 


Hematite rouge, 


Fer Bulpliurg 


auiie,131 


Glaserz, . . 


174 


Hemimorpbite, 


Fer sulphurs 
ne&que, 


mag- 


Glauberite, . 


84 




130 


Glaubersalz, . 


83 


Himbeerspath, . 


Feueropal, 


. 20 


Glancolite, . 


45 


Hohkpatii, . . 


Fibrolite, 


. 63 


Glinkite, 




Hornblende, 


Fiorite, . 


. 30 


Goothite, 


113 


Hornblende, . 


Fire opal, 


. 30 


Gold, . . . 


178 


Horn mercm'y, . 


Flint, 


. 19 


Gold Stone, . 


16 


Homsilber, . 


Float stone, 


. 20 


Gold Stone, 


51 


Horn silver, 


Flos ferri, 


, 96 


Goslarite, 


141 


Hmnboldtite, 
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Humtte, . . . 


59 


Kalkapath, , 


08 


Laiunontite, 


?9 


Hyacinth, . . 


38 


Efllksteries, , 


08 




47 


Hyacinth quartz, 


IS 


Kalkuranit, . 


in 


Lead, . . . 


149 


Hyaline auartz, 


19 


KammkJea, . 


133 


Leborkies, . . 


133 


Hyalite, -. . . 


30 


Kameelatein, 


39 


Lederite, . . 


67 


Hyaloaiderite, . 


34 


Kaolin, . . 


58 


Lepidocrocite, 


118 


Hydrate de mag- 




Eaolinite, . 


58 


Lepidolite, . . 


45 


nesie, . . 


105 


Kapnit, . . 


141 


LeiLcite, , , , 


48 


Hydiopliane, 


20 


Karstenite, , 


91 


Leucopjrito, 


135 


Hydrogen, . 


1 


Kastor, . . 


3T 


Lterzolytc, . . 




Hydroziacite, 


143 


Keramohalite, 


110 


Libethenite, 


16!) 


Hyperstheue, 


35 


Kerinesite, . 


190 


Lime alumina 








Kiesel, . . 


14 


garnet, 


36 


Ice, . . . 


1 


KieselgHhr, . 


30 


Lime chromium 




Ichthyophthalm 


te, 73 


Kieselkupfcr, 


70 


garnet, 


37 


Idocrase, 


39 


Kieselmalachit, 


70 


Lime-iron garnet, 


37 


IlmenJte, 








Lime magneaa alu 




nmenorutile, 


144 


Kieselsinter, 


30 


mioa pyroxene, 34 


Indianite, . 


50 




70 


Lime m^nesia 




iDdiooUte, 


60 


KobaltWutbe, 


137 


amphibole, 


39 


lodargytit, . 


178 


Eobaltglanz, 


136 


Lime magneaia- 




Iodic ailvw, 


178 


EobaltkJea, . 


135 


irou-alumnia 




Iodine d 'argent, 


178 


Kobaltmangane 


z, 133 


ampMbole, 


30 


lodit, . . . 


178 


Kobaltnickelkie 


3, 135 


amphibole. 




lodsilber, . 


178 


Kobaltvitrioi, 


138 


39 


lodjrite, . . 


178 


Eochsalz, 


84 


Lime-magnesia- 




loHte, . . 


43 


Kohlensaure, 


14 


iron-pyrosene 




Iridiiua, . . 


180 


Koupholite, 


71 


Lime-magnesia- 






180 


Kreuastein, 


76 


pyrosenc, . 




Iridosmium, 


180 


Krisuvigit, . 


168 




161 


Iron, . . . 


114 


Kuboit, . . 


75 


Limonite, . . 


110 


Iron alumnia gar 




Kupferblaii, 


70 


Linnffiite, . . 


335 


net, . 


S6 


Kupferblende, 


166 


Linsenerz, . . 


180 


Iron Glance, 


117 


Kiipferbluthe, 


. 163 


Liroeonite, . . 


169 


Iron lime py 




Kiipferglanz, 


. 164 


Lithia mica, 


45 


roxene, . 


S4 


Kupfei^riin, 


70 


Lithion^Ummer, 


45 


Iron pyrites, 


131 


Kupferkies, . 


165 


Lithionit, . . 


45 


Iserii, . . 
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Scientific Books, 

piiBLISHr.D ]iY 

D.. VAN NOSTRAND, 
93 M^^rray and 37 Warren St-, Ne"w York, 



FRANCIS' (J. B.) Hydraulic Esperiments. Lowell Hydraulic Es- 
periments — being a Selection from Experiments on Hydraulia 
Motors, on the Flow of Water over Weirs, and in Open Canals of 
Uniform Rectangular Section, made at 'Lowell, Mass. By J. B. 
Francis, Civil Engineer. Second edition, revised and enlarged, in- 
cluding many New Experiments on Gauging Water in Open Canals, 
and on tbe Flow through Submerged Orifices and Diverging Tubes. 
With 23 copperplates, beautifully engraved, and about 100 new 
pages of text, i vol, 4to, Cloth. $15, 
lUoet of tbe pracucsl rales glvsn In the liooks on liydiaulicB h&TS been determineil tram ex 

!n applying them to the large operations arising in pnujtice in this country. t!ie englnear oBiinot 
but doubt theft tellable appllcabitity. The patties controlling the great watet-power funiiBhed 

by tbe Merrimack lUver at Lowell, MaseBohaBetta, Mt t 

ueoeBsary, at great expense, to delermine anew some o. 

(everal Beriea ot experiments on a large scale, ■ selection from wbicb aie minutely tletailed ia 

The work is ditided into two pacta— Part L,on hydraulic molorfl, InoludBS ninety-two eipen 
munts on an improved Fonrneyron Turbhio Water- Wheel, of al)out two hundred horae-powet, 
iritu rules and tables fiir the conaltuction of elmllat motors :— Thirteen cipcriraenta on a model 
of a ccntro-rcnt water-wheel of the most aimple deaign, and thirty-nine espetimenta on a centre 
Tent water-wheel of about two hundred and thirty hocse-powet. 

PiRT II, inclodea aeventy-tour eipcrlments made for the purpose of determining tbe form ol 
the ftM'mnla for computing the flow of water over weire ; nine eipeiimenta on the effect otbacle 
water on the flow over weirs ; eighty-eight experimanta made for the purpose of determining 
the formula for eompnting the flow over wcira of regular or Blandatd forma, with several tables 
of comparlsoDa of tbe new formula with the lesnlta obtained by tormer experimenters ; live ex- 
periments on thefluw over a dam in which the crest was ot tbe Bamefbrm aa that built by the 
Essex Company acroes the Merrimack Giver at Lawrence, UBsanchnastte ; twenty-one experi- 
ments on tbe efifeot of obserying tbe depths of water on a weir at different dlBtances ftom the 
weir ; an oxtapsive series of expaiimenta made for the purpose of determining rules for gaug- 
teg streams of water in open canals, with b^lea for facilitating tbe same ; and dub hun<lred and 
BBu experiments on the diechaixe of water l^rotigli aubmerged oiiflces and diverging tubes, tlia 
whole being fully illnstrated by twenty-three donble platea engraved on copper. 

In JaSB the proprietors of the Loclca and Canala on Merrimack River, at whMO expense most 
of tbe experiments wBte made, bains willhig that the public should share the beneflts of th« 
sclenfMc opetationa promoted by them, consented to the pubUcatioo of the fltat edition of this 
work, which a>ntained a selection of tbe most Iroportant hydraulic experimentB made at Lowell 
op to tiiat tlma. In this second edition Iha principal hydranlio experiments made there, aubafl- 
(uent to 1S55, have been added, iBclnding the Important aeries above mentioned, for del«rmln- 
mg rules for the gaupng the flow ot water in open canab, and the iotecesting setlea on the flow 
Ihrongh a submuged Veulurl's tube, in which a larger flovf was obtMued than any we And r©' 

FRANCIS (J. E.) On the Strength of Cast-iron Pillars, with Tables 
for the use of Engineers, Architects, and Builders. By James B, 
Francis, Civil Engineer, i vol., 8vo. Cloth. $j. 
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v. Van I^ostrand's PubUcations. 

PEIRCE'S SYSTEM OF ANALYTIC MECHANICS, Physical 
and Celestial Mechanics, by Benjamin Peircb, Perkins Professoi 
of Astronomy and Mathematics in Harvard University, and Con- 
sulting' Astronomer of the American Ephemeris and Nautical Al- 
manac. Developed in four systems of Analytic Mechanics, Celestial 
Meclianics, Potential Physics, and Analytic Morphology, i vol., 
4to. Cloth. $ 10. 

GILLMORE, Practical Treatise on Umes, Hydraulic Cements, and 
Mortars. Papers on Practical Engineering, U. S. Engineer De- 
partment, No. 9, containing Reports of numerous experiments con- 
ducted in New York City, during the years 1858 to 1861, inclusive. 
By Q. A. GiLLMORE, Brig.-General U. S. .Volunteers, and Major U. 
S. Corps of Engineers. With numerous illustrations. One volume, 
octavo. Cloth. ¥4. 

ROGERS (II. D.) Geology of Pennsylvania. A complete Scien- 
tific Treatise on the Coal Formations. By Hinky D. Rogers, 
Geologist. 3 vols., 4to., plates and maps. Boards. $30.00, 

BURGH (N. P.) Modern Marine Engineering, Applied to Paddle 
and Screw Propulsion. Consisting of 36 colored plates, 259 
Practical Woodcut Illustrations, and 403 pages of Descriptive Matter, 
the whole being an exposition of the present practice of the follow 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons, & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; Messrs. 
B- Napier & Sons ; Messrs, J. & W. Dudgeon ; Messrs, Ravenhill 
& Hodgson ; Messrs. Humphreys & Tenant ; Mr. J. T, Spencer, 
and Messrs. Forrester & Co. By N. P. Bokgit, Engineer. In one 
thick vol., 4to. Cloth. $25.00. Half morocco, $30.00. 
ING. Lessons and Practical Notes on Steam, the Steam-Engine, 
Propellers, &c., &c., for Young Marine Engineers, Students, 
and others. Bv the late W. R. King, U. S. N. Revised by Chief- 
Engineer J. W".' King, U. S. Navy. Twelfth edition, enlarged. 8vo. 
Cloth. $2. 
'ARD. Steam for the Million. A Popular Treatise on Steam and 
Application to the Useful Arts, especially to Navigation. By 
T. H. Ward, Commander U, S. Navy. New and revised edition. 
J vol., 8vo. ■ Cloth. $1. 
'ALKER. Screw Propulsion. Notes on Screw Propulsion, its 
nd History. By Capt. W. H. Walker, U. S. Navy, i 
Cloth. 75 cents. 
HE STEAM-ENGINE INDICATOR, and the Improved Mano- 
Steam and Vacuum Gauges : Their Utility and Application. 
By Paul Stillman. New edition, i vol., lamo. Flexible cloth. 
$1. 

I SHERWOOD. Engineering Precedents for Steam Machinery. Ar- 
ranged in the most practical and useful manner for Enjjiiicers. Bj 
B. F. IsiisRwooD, Civil Engineer U. S. Navy. With illusi!ation,« 
Two volumes in one. 8vo. Cloth. $2.50. 
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J). Van Nbstrand^s P'lMications. 

HOLLEY'S RAILWAY PRACTICE. American and European 
Railway Practice, in tbe Economical Generation of Stoam, in- 
cluding the materials and construction of Coal-bitraing Boilers, 
Combustion, the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying and Heating Feed-water, &c., and the adaptation 
of Wood and Coke-burning Engines to Coal-burning ; and in Per- 
manent Way, including Road-bed., Sleepers, Rails, Joint Fastenings, 
Street Railways, &c, &c. By Alexander L. Hollhy, B. P. Wilh 
77 lithographed plates, i vol., folio. Cloth. $12. 

" Tbls la an elaborate treatlie tij ona of our ftbleet dvll eagtueere, on Che couBtmctlon and at* 
of looomotiyeB, with a ftw cliapterB on the building ot BBilroads. * • * All thtwa BUbjocti 
ate treated by the author, who is a firet-daBS ridlroad engineer, In both an Intelligent and intelU- 
gtble manner. The ftets and Ideas ape well arranged, and presented in a cleat and simple style, 
sceompanlacl by beautJfal engravlngB, and we presnme the ivorlt will ba regoi'dea as IndlBpen*- 
able by all who are intereeted In a kuovfledge of the caoBtinclJoQ of lailrwxd) and I'olllDg stock, 
or tbe working ot locomotivea."— Scjm(()!i! Amerlctm. 

ENRICI (OLAUS). Skeleton Structures, especially in their Appli- 
cation to the Building of Steel and Iron Bridges. By Olaus 
Henrici. Wilh folding plates and diagrams, i vol., 8vo. Cioth. 
*3- 

WHILDEN (J. K.) On the Strength of Materials used in En- 
gineering Constraction. By J. K. Whilden. i vol., izmo. 
Cloth. |2. 
"We And tn this work tables ot the tensile strength of limhar, metala, stones, wire, rope, 
hempen cable, alrengtb ot Oan cylindure of caat-iron ; moduluB of elaaticlty, strength 0/ thick 
O'lluders, as cannon, &0., effects of reheating, ac,, tealstance of timber, metals, and slone to 
cmshhig: espeilmenta on briek-work; sti-ength of pUlare; collapse of tube; experimenta mi 
punching and shearing ; tlie transversa strength of materiala ; bsama of uniform strength j table 
. of coefficients of timber, Blone, and Iron ; celatlve etrength of weight In cast-iron, traDaTerea 
strength of alloys ; e^perlmenr^ on wroogiit and caat-lron beams : latljce girders, traased cost' 

C AMPIN (F.) On the Construction of Iron Roofs. A Theoretical 
and Practical Treatise. By Francis Campin. With wood-cuts and 
plates of Roofs lately executed. Large 8vo. Cloth. I3, 

BROOKLYN WATER-WORKS AND SEWERS. Containing a 
Descriptive Account of the Construction of the Works, and also 
Reports on the Brooklyn, Hartford, Belleville, and Cambridge 
Pumping Engines. Prepared and printed by order of .t.e Board of 
Water Commissioners. With illustrations. i vol., folio. Cloth. 
S15. 

ROEBLING (J. A.) Long and Short Span Railway Bridges. By 
John A. Roebling, C. E. Illustrated with large copperplate en- 
gravings of plans and views. Imperial folio, clolh, %2'y. 

CLARKE (T. C. ) Description of the Iron Raihray Bridge across 
the Mississippi River at Quincy, Illinois. By Thomas Curtis 
Clarke, Chief Engineer. Illustrated with numerous lithographed 
plans. I vol., 4to. Cloth. $7.50. 
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D. Van Nbstrand's PvMications. 

AUCHINCLOSS. Application of the Slide Valve and Link Motion 
to Stationary, Portable, Locomotive, and Marine Engines, with new 
and simple methods for proportioning the parts. By William S 
AucHiNCLoss, Civil and Mechanical Engineer. Designed as a haiid> 
book for Mechanical Engineers, Master Mechanics, Draughtsmen, and 
Students of Steam Engineering, Ail dimensions of the valve ara 
found with the greatest ease by means of a Phinted Scale, and propor- 
tions of the link determined wMoui the assistance of a model. Illus- 
trated by 57 woodcuts and 21 lithographic plates, together with a cop- 
perplate engraving of the Travel Scale. 1 vol. 8vo. Clolh. $3. 

TT UMBER'S STRAINS IN GIRDERS. A Handy Book for thg 

J- -L Calculation of Strains in Girders and Similar Structures, and their 

Strength, consisting cf FormulEe and Corresponding Diagrams, with 

numerous details for practical application. By William Humbee. 

I vol. i8mo. Fully illustrated. Cloth. $3,50. 

GLYNN ON THE POWER OF WATER, as applied to drive Flour 
Mills, and to give motion to Turbines and other Hydrostatic En- 
gines. By Joseph Glynn, F. R. S. Third edition, revised and en- 
larged, with numerous illustrations. i2mo, Clolh. $1.25. 

yHE KANSAS CITY BRIDGE, with an Account of the Regimen 
■* of the Missouri River, and a description of the Methods used for 
Founding in that River. By O. Chanute, Chief Engineer, and 
George Morison, Assistant Engineer. Illustrated with five litho- 
graphic views ajid la plates of plans. 4to. Cloth. $6, 

TREATISE ON ORE DEPOSITS. By Bernhaed Von Cotta, 
Professor of Geology In the Royal School of Mines, Freidberg, 
Saxony. Translated from the second German edition, by Frederick 
Prime, Jr., Mining Engineer, and revised by the author, with numer- 
ous illustrations, 1 vol. 8vo. Cloth, $4. 

A TREATISE ON THE RICHARDS STEAM-ENGINE INDICA- 
TOR, with directions for its use, ^ Chakles T. Poktes, 
Revised, with notes and large additions as developed by Americar. 
Practice, with an Appendix containing useful formute and rules for 
Engineers. By F, W. Bacon, M. E., member of the American 
Society of Civil Engineers, izmo. Illustrated. Cloth. $r 

nPHE ART OF GRAINING. How Acquired and How Produced. 
■■■ By Charles Pickerl and Abraham Metcalf. 4to. Beautifully Illus- 
trated. Tinted paper, |io,oo, 

TNVESriGATIONS OF FORMULAS, for the Strength of the Iron 
i- Parts of Steam Machinery. By J. D. Van Buren, Jr., C. E. i 
vol, 8vo. Illustrated. Cloth, $2. 
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